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REMARKS 

Claims 1-20 were pending in this application. Claims 2, 4, and 11-12 were withdrawn 
from consideration by the Examiner as being drawn to a non-elected invention. Claims 2, 4, 11-12, 
and 19-20 are canceled herein. Applicants expressly reserve their right to pursue claims to the 
subject matter of these claims in related applications. Claims 1, 3, 5-10, and 13-18 are amended 
herein. Support for the amendments is found throughout the specification as filed, e.g., 1[1, f21, and 
1|38 of the substitute specification. Claims 1, 3, 5-10 and 13-18 are currently pending. No claim has 
been allowed. 

Formal Matters 

Applicants gratefully acknowledge the withdrawal of the objection to the specification in 
view of the substitute specification submitted. 

Applicants also gratefully acknowledge the withdrawal of the rejections under 
35 U.S.C. § 112, first paragraph, as well as the rejections under 35 U.S.C. §§ 102 (b) and 103 (a). 

Applicants include herein a courtesy copy of U.S. Patent No. 5,424,398 (Middeldorp et 
al.) as Exhibit A. 

Applicants note that the Examiner has requested the identification of other co-pending 
applications and/or issued patents that are related or might be interfering with the instant 
application. See Action mailed December 1, 2003 at page 9. Applicants note that an interference 
analysis is not required of an applicant. Nonetheless, Applicants are aware of no pertinent co- 
pending application and/or issue patents that are related or might be interfering with the instant 
application. Applicants do note that there are two additional published applications, i.e., U.S. 
Application Serial No. 2003/0096225 and 2003/0096226, that relate to selecting a mutant of an 
antibody by contacting a phage display library of mutants of the antibody with a cell comprising the 
epitope recognized by the antibody. 
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Summary of Examiner Interview 

On April 7, 2004, the undersigned participated in an interview with Examiner 
Wessendorf, Supervisory Patent Examiner Wang, and Biotechnology Specialist Caputa. The 
undersigned greatly appreciate the time and effort expended by all of the parties and believe that the 
interview was very productive. The interview can be summarized as follows: With regards to the 
outstanding rejections under 35 U.S.C. § 1 12, second paragraph, Mr. Caputa indicated that these 
rejections were overcome if the proposed amendments to the claims were made of record. The 
rejection under the judicially-created doctrine of obviousness-type double patenting was not 
discussed because a copy of the Middeldorp reference was unavailable for review by any of the 
Examiners. The undersigned agreed to provide a copy of this reference and relevant arguments with 
the instant response so that all parties can appropriately review the outstanding rejection. See 
Exhibit A. The parties agreed that the proposed amended claims drawn to the use of a heterologous 
set of oligopeptides for contacting a library of polypeptides are not anticipated by Burnie et al. 
{Infect. Immun. 1996). Examiner Wessendorf indicated that she would perform another search once 
the revised claims were made of record. 

Objection Under 35 U.S.C. § 132 

According to the Action, the amendment filed September 2, 2003 contains new matter 
and is therefore objected to under 35 U.S.C. § 132. The Examiner asserts that the term "or" at page 
1, line 6 is not supported by the original disclosure. The term "or" is deleted herein. 

In view of the above, Applicants respectfully submit that the objection may be 

withdrawn. 
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Objection to the Specification 

Claim 3 was objected to because allegedly it is not positively disclosed in the 
specification. The specification is amended herein to positively disclose claim 3 as currently 
amended. Therefore, this objection may be withdrawn. 

Rejection under 35 U.S.C. §112, Second Paragraph 

Claims 1, 3, 5-10 and 13-20 were rejected under 35 U.S.C. § 1 12, second paragraph as 
allegedly being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. The Examiner asserts that the terms "peptide" and 
"proteinaceous target" are confusing in that they go against the conventional usage in the art. The 
Examiner also argues that there is nothing in the specification that defines a set as a multiplicity of 
oligopeptides. According to the Examiner, Applicants have not responded to the rejection of claims 
7 and 15 as confusing and broadening the base claim, and therefore the Examiner believes that 
Applicants have acquiesced to the rejection. The Examiner also alleges that the single chain 
fragment in claim 8 is the same as the scFv recited in claim 9. The Examiner further asserts that in 
the absence of any additional step, claim 1 is a duplicate of claim 3. Applicants respectfully 
traverse these rejections. 

Applicants respectfully submit that the meaning of the term "peptide" is sufficiently 
clear to one of skill in the art to inform the public of the boundaries of metes and bounds of the 
claimed invention and therefore each term fulfills the requirement for clarity under 35 U.S.C. § 112, 
second paragraph. See MPEP § 2173.05 (a) ("Applicants ... are required to make clear and precise 
the terms that are used to define the invention whereby the metes and bounds of the claimed 
invention can be ascertained."). Nonetheless, in an effort to expedite the prosecution, the claims 
are amended herein to recite a "polypeptide". 
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Similarly, Applicants submit that the meaning of the term "proteinaceous target" is 
readily apparent in view of the specification and what is known in the art. However, the claims are 
amended herein in an effort to expedite the prosecution of this application to recite target "protein", 
thereby rendering this rejection moot. 

While Applicants believe the term "a set" is fully supported in the specification as a 
multiplicity of oligopeptides, the claims are amended herein to further clarify that the claimed set of 
oligopeptides are heterologous. The support for this interpretation of "set of oligopeptides" is found 
throughout the specification. For example, the instant specification refer to sets of oligopeptides 
representing (sub)regions of the target molecule. See the substitute specification at ^[38. As these 
sets of oligopeptides represent different subregions or regions of the target molecule, they are by 
definition heterologous. The specification further indicates that the oligopeptides can be 
"overlapping or nonoverlapping sets of multimers" from the target protein. Id. Such language 
clearly discloses the use of sets of oligopeptides that represent different portions of the target 
protein, and thus are heterologous to one another. This is further supported by the embodiment 
disclosed in Example 1 beginning at TJ38 of the specification. In this Example, Applicants disclose 
the synthesis of a set of 25 non-overlapping oligopeptides (12mers) that span the extracellular 
domain of the CD64 molecule. Again, because these oligopeptides span the entire domain of a 
single molecule, they are heterologous to one another. Applicants also note that the claimed 
heterologous oligopeptides also include peptides that differ by even a single amino acid. See, e.g., 
the specification at ^21. Therefore, the recitation of a "set of heterologous oligopeptides" is 
sufficiently precise to convey to the ordinary artisan the scope of the claimed methods in view of 
what is known in the art and what is disclosed in the instant specification. 

Applicants have not acquiesced to the rejection of claims 7 and 15 as confusing and 
broadening the base claim. The base claims, i.e., Claims 1 and 3, recite the "displaying [of] the 
antibody or peptide on the surface of a replicable display package". Claims 7 and 15 recite one 
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means of displaying the antibody or peptide on the surface of a replicable display package, i.e., by 
the insertion of a genetic sequence encoding the antibody or peptide in a gene encoding a surface 
protein of the phage particle. In other words, claims 7 and 15 state a specific embodiment of the 
claimed method of claims 1 and 3, respectively, where the antibody or peptide is expressed on the 
surface of the display package through the expression of the antibody or peptide's genetic sequence 
in a gene encoding a surface protein. Because claims 7 and 15 state a specific embodiment of the 
each of the claimed methods 1 and 3, respectively, neither of these dependent claims broaden the 
base claim. Rather, these claims are each narrower in scope in view of the claimed specific means 
of displaying the antibody on the phage surface. Applicants appreciate the acknowledgement of 
these claims as proper during the Examiner Interview. 

Applicants strongly object to the Examiner's characterization of the antibodies of claims 
8 and 9 as the same. A single chain antibody fragment and a ScFv are not the same. An ScFv is "a 
single chain molecule composed of both heavy- and light-chain variable regions fastened together 
by a flexible linker." See Exhibit B (emphasis added). A single chain antibody fragment is not 
limited to variable regions only and thus can include more than the variable regions of the heavy 
and light chains in the single chain fragment. Therefore, these antibodies are not the same. 

Applicants submit that claim 1 presents no ambiguity regarding the method claimed. It 
is unclear what the Examiner means by a sample for the reaction and identification to occur as the 
method does not require a sample per se. The methods of the instant claims uses a phage library 
and a set of heterologous oligopeptides. Thus, it is not believed that such claim language is 
appropriate. Furthermore, Applicants believe that claim 1 is not a duplicate of claim 3. On the one 
hand, claim 1 requires only the characterization of the bound antibody. Claim 3, on the other hand, 
includes the characterization of the unbound phage antibody as well as the bound phage antibody. 
Therefore, claim 1 and claim 3 are not duplicates of one another. 
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In view of the foregoing, Applicants respectfully request reconsideration and withdrawal 
of the rejection under 35 U.S.C. § 1 12, second paragraph. 

Rejection Under the Judicially Created Doctrine of Obviousness-Type Double Patenting 

Claims 1, 3, 5-10 and 13-20 were rejected under the judicially created doctrine of 
obviousness-type double patenting as allegedly being unpatentable over claims 1, 5, and 6 of U.S. 
Patent No. 6,265,150 (the '150 patent) or claims 1, 5 and 6 of U.S. 20002/013228 ('228 
application) in view of Middeldorp et al. y U.S. Patent No. 5,424,398. According to the Examiner, 
each of the cited patents discloses the instant method as claimed except for the use of a set of 
oligopeptides as the target antigen. The Examiner asserts that Middeldorp cures this deficiency in 
its disclosure of the synthesis of individual antigens or oligopeptides on a solid support using the 
Geysen method. Applicants traverse this rejection. 

The '150 patent or the '228 application in view of Middeldorp fail to render the claimed 
methods obvious because the combination of reference fails to teach a method using a library of 
polypeptides displayed on the surfaces of replicable display packages that is then contacted with a 
set of heterologous oligopeptides derived from a target protein to identify polypeptides capable of 
binding to the target protein and/or oligopeptides thereof. Thus, the combination of cited references 
lacks each and every element of the claimed invention. First, the claims of the '150 patent and the 
'228 patent are drawn to a method of obtaining phage antibodies directed to a cell surface antigen 
using whole cells . A person of ordinary skill in the art would not conclude that the use of whole 
cells is an obvious variation of the use of a set of heterologous oligopeptides in a method to identify 
phage antibodies that bind certain antigens. Whole cells differ from oligopeptides in size, charge, 
shape, and in some cases, binding affinity. Methods employing whole cells would require distinct 
binding conditions relative to methods employing oligopeptides. For example, buffers, temperature, 
incubation times, suitable detection methods, and assay set up are likely to be different. 
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Furthermore, the intended purpose of the methods of the '150 patent and the '228 application are to 
identify antibodies which bind cell surface antigens on intact cells. The use of oligopeptides to 
identify binding antibodies is not restricted to surface antigen as targets, and therefore represents a 
change in the principle of operation from the claimed methods of '150 patent and the c 228 
application. See MPEP § 2143.01 ("If the proposed modification ... of the prior art would change 
the principle of operation of the prior art invention being modified, then the teaching of the 
references are not sufficient to render the claims prima facie obvious." (citation omitted)). 

Second, Middeldorp fails to cure this deficiency. Like Burnie (addressed below), 
Middeldorp employs the Geysen method to identify an immunodominant epitope of a target antigen. 
In other words, Middeldorp employs oligopeptides sets for use with sera from antigen-reactive 
patients to identify the particular peptide that is immunodominant, i.e., bound by the antibodies of 
most individuals exposed to the target antigen. None of the cited references provide a method to 
simultaneously and specifically identify the bound oligopeptide and the bound polypeptide. In the 
methods of '150 patent and '228 application, the antibody can be identified by isolating and 
growing out the phage antibody. However, this provides no indication of the identity of the peptide 
bound by the phage antibody. Middeldorp provides a method of identifying the peptide bound by 
antibodies in the sera of immunoreactive patients without providing any mechanism for identifying 
the specific antibody that binds the specific oligopeptide. Therefore, neither the '150 patent in view 
of Middeldorp nor the '228 application in view of Middeldorp teach each and every element of the 
claimed methods. In the absence of such disclosure, the instant methods are patentably distinct 
from the claimed methods of the '150 patent and the '228 application. 

In view of the above, Applicants respectfully submit that the rejection under the 
judicially-created doctrine of obviousness-type double patenting may be withdrawn. 
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Rejection Under 35 U.S.C. § 102 (a) 

Claims 1, 3, 5-10, and 13-20 are rejected under 35 U.S.C. § 102 (a) as being anticipated 
by Bumie et al. {Infect Immun. 1996) for reasons of record. The Examiner maintains that Burnie 
discloses the reacting of phage antibody with overlapping peptides prior to panning and cites to the 
paragraph in Burnie bridging pages 1600 and 1601. Applicants traverse this rejection. 

Applicants respectfully submit that Burnie fails to teach the reacting of phage antibody 
with overlapping peptides prior to panning as asserted by the Examiner, and therefore fails to teach 
each and every element of the claimed methods. A careful reading of the entire reference and the 
supporting references unambiguously demonstrates that no panning of the phage antibodies with 
overlapping oligopeptides is performed or contemplated in Burnie. Simply stated, Burnie discloses 
a method using two separate steps to identify scFv phage antibodies specific for a target antigen. In 
the first step, the antigen is epitope mapped using the Geysen method. Once the epitopes are 
defined using the sera, the epitope-encoding peptides, i.e., individual peptides, are used to pan the 
scFv phage antibodies in the second step. Thus, contrary to the Examiner's assertion, the scFv 
phage antibodies are never panned against a set of overlapping oligopeptides. 

Applicants submit that the Geysen method is, quite simply, a method to identify 
meaningful antigenic epitopes, and nothing more. See Exhibit C. It involves constructing a series 
of overlapping peptides on pins. These pin-bound oligopeptides are then incubated with sera. After 
the incubation, the unbound antibody is washed away, and a conjugate containing solution is added. 
The conjugate binds the bound antibody, and thereby permits the detection of the bound antibody. 
The bound antibodies are read in an ELISA format. Because each of the oligopeptides is bound to a 
pin at an assigned position, the presence of the detectable label at that position indicates that an 
antibody binds that oligopeptide. Thus, if a number of immune seras have antibodies that bind at a 
particular oligopeptide, it is likely that this oligopeptide represents an immunodominant epitope for 
the antigen. Thus, this method facilitates epitope mapping of an antigen using various immune and 
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non-immune sera. The use of the Geysen method to map immunogenic epitopes in a bacterial 
antigen is illustrated in the two references cited by Burnie. See Exhibits D and E. 

Thus, the panning in the Geysen method is not equivalent to the panning in the instant 
methods. In particular, the Geysen method does not employ or suggest the use of phage antibodies. 
Moreover, the Geysen method lacks a means to identify the antibody that binds a particular 
oligopeptide or any disclosure that such a means is necessary or desirable. Alternatively stated, the 
Geysen method is a screening method for epitopes, not for the antibodies that bind those epitopes. 
Geysen employs antibody binding to identify the epitopes seen in an immune response. Using 
oligopeptides at the tip of the pins at a concentration of 30-50 nmol, Geysen discloses the detection 
of antibodies bound to individual peptides via the detectable conjugate. See Burnie, at page 262, 
second column. Given the nanomolar concentration of oligopeptide used, one of ordinary skill in 
the art could not successfully elute off enough bound antibody to characterize it, much less readily 
create useful quantities of it, as is possible with the instant methods. In other words, if the bound 
antibody were to be successfully eluted from the oligopeptide, it would be an insufficient to achieve 
the intended purpose of the claimed methods, z.e., to identify an antibody by its capability to bind an 
oligopeptide. 

Finally, Burnie states unequivocally that single peptides were used to pan the phage 
display library after using the Geysen method to identify the epitope. At pages 1602-03, in the 
section entitled "Epitope mapping", Burnie describes panning sera from various patients against a 
set of overlapping oligopeptides. See also Burnie, at Table 4. Burnie selected three peptides from 
conserved regions in the antigen to use to generate recombinant antibodies using phage display 
antibodies. See Burnie, at page 1603, section entitled "Human recombinant antibodies." Burnie 
describes a highly heterogeneous family that has an identifiable fingerprint after panning with one 
peptide . More specifically, Burnie states: 
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BstNI fingerprints of the PCR-amplified scFv inserts before panning showed 
a highly heterogeneous library (Fig. 5). After panning against peptide L one 
BstNI fingerprint predominated ... 

Burnie, at page 1603 (emphasis added). Burnie continues describing the panning of the phage 
antibody library with individual peptides, peptides 2 and 3, in two separate analyses. Thus, Burnie 
fails to teach each and every element of the claimed methods, thereby failing to anticipate the 
methods at issue. Applicants appreciate the acknowledgement in the Examiner Interview that 
Burnie is not an anticipatory reference of the method as claimed. 

In view of the above, Applicants respectfully submit that the rejection under 
35 U.S.C. § 102 (a) may be withdrawn. 
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CONCLUSION 

Applicants believe that all issues raised in the Office Action have been properly 
addressed in this response. Accordingly, reconsideration and allowance of the pending claims is 
respectfully requested. If the Examiner feels that a telephone interview would serve to facilitate 
resolution of any outstanding issues, the Examiner is encouraged to contact Applicants' 
representative at the telephone number below. 

In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, Applicants petition for any 
required relief including extensions of time and authorize the Assistant Commissioner to charge the 
cost of such petitions and/or other fees due in connection with the filing of this document to Deposit 
Account No. 03-1952 referencing docket no. 313632000600 . 



Dated: April 21, 2004 



Respectfully submitted, 




LWfe L./Hill, Ph.D. 

Registration No.: 51,804 
MORRISON & FOERSTER LLP 
3811 Valley Centre Drive, Suite 500 
San Diego, California 92130 
(858) 720-7955 
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Schick test 



tuberculosis. Patients may develop fever, polyarthritis, 
erythema nodosum, and iritis. They also may experience 
loss of weight, anorexia, weakness, fever, sweats, nonpro- 
ductive cough, and increasing dyspnea on exertion. 
Pulmonary symptoms occur in greater than 90% of the 
patients. Angiotensin-converting enzyme is increased in 
the serum of sarcoid patients. Disease activity is moni- 
tored by measuring the level of this enzyme in the serum. 
The subcutaneous inoculation of sarcoidosis lymph-node 
extracts into patients diagnosed with sarcoidosis leads to 
a granulomatous reaction in the skin 3 to 4 weeks after 
inoculation, which was used in the past as a diagnostic 
test of questionable value termed the Kveim reaction. 
Sarcoidosis symptoms can be treated with corticosteroids, 
but only in patients where disease progression occurs. It 
is a relatively mild disease, with 80% resolving sponta- 
neously and only 5% dying of complications. Evidence 
has been provided for oligoclonal expansion of aP T cell 
subsets and predominant expression of type l cytokines 
— interferon-y (IFN-y) and interleukin-2 (IL-12) — at 
sites of inflammation, suggesting that sarcoidosis is an 
antigen-driven, T M 1 -mediated immune disorder, 
sarcoma 

Tumors arising from connective tissue. 
Sca-1 

Abbreviation for stem cell antigen 1. 

SCABs (single-chain antigen-binding proteins) 

Polypeptides that join the light-chain variable sequence 
of an antibody to the heavy-chain variable sequence of 
the antibody. All monoclonal antibodies are potential 
sources of SCABs. They are smaller and less immuno- 
genic than the intact heavy chains with immunogenic 
constant regions. Among their many possible uses are in 
imaging and treatment of cancer, in cardiovascular 
disease, as biosensors, and for chemical separations. 

scarlet fever 

A condition associated with production of erythrogenic 
toxin by group A hemolytic streptococci associated with 
pharyngitis. Patients develop a strawberry-red tongue and 
generalized erythematous blanching areas that do not 
occur on the palms, the soles of the feet, or in the mouth. 
Patients may also develop Pastia's lines, which are 
petechiae in a linear pattern. 

Scatchard analysis 

A mathematical analytical method to determine the 
affinity and valence of a receptor- 1 igand interaction in 
equilibrium binding. 

Scatchard equation 

In immunology, an expression of the union of a univalent 
ligand with an antibody molecule (r/c - Kn ~ Kr). To 
obtain the average number of ligand molecules that an 
antibody molecule may bind at equilibrium, the bound 
ligand molar concentration is divided by the antibody 
molar concentration. This is designated as r. The free 
ligand molar concentration is represented by c; antibody 
valence, by n\ and the association constant, by K. 

Scatchard plot 

A graphic representation of binding data obtained by plot- 
ting rfc against r (refer to the Scatchard equation). The 
purpose of this plot is to determine intrinsic association 
constants and to ascertain how many noninteracting 
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Scatchard plot. 

binding sites each molecule contains. A straight line with 
a slope of -K indicates that all the binding sites are the 
same and are independent. The plot should also intercept 
on the r axis of n. A nonlinear plot signifies that the 
binding sites are not the same and are not independent. 
The degree to which the sites are occupied is reflected by 
the slope (-K). An average association constant for ligand 
binding to heterogeneous antibodies is the reciprocal of 
the amount of free ligand needed for half saturation of 
antibody sites. 

scavenger receptors 

Structures on macrophages and other cell types that bind 
a variety of ligands and delete them from the blood. 
Scavenger receptors are especially abundant on Kupffer's 
cells of the liver. 

SCF (stem cell factor) 

A substance that promotes growth of hematopoietic pre- 
cursor cells and is encoded by the murine SI gene. It 
serves as a ligand for the tyrosine kinase receptor family 
protooncogene termed c-kit. It apparently has a role in 
embryogenesis in cells linked to migratory patterns of 
hematopoietic stem cells, melanoblasts, and germ cells. 

ScFv 

A single-chain molecule composed of both heavy- and 
light-chain variable regions fastened together by a flexible 
linker. 

Schick, Bela (1877-1967) 

Austro-Hungarian pediatrician whose work with von 
Pirquet resulted in the discovery and description of serum 
sickness. He developed the test for diphtheria that bears 
his name. (Refer to Die Serumkrankheit [with Pirquet], 
1905.) 
Schick test 

A test for susceptibility to diphtheria. Standardized diph- 
theria toxin is adjusted to contain 1/50 MLD in 0.1 mL, 
which is injected intracutaneously into the subject's 
forearm. Development of redness and induration within 
24 to 36 hours after administration constitutes a positive 
test if the condition persists for 4 days or longer. The 
presence of 1/500 to 1/250 or more of a unit of antitoxin 
per milliliter of the patient's blood will result in a negative 
reaction because of neutralization of the injected toxin. 
Neither redness nor induration appears if the test is 
negative. An individual with a negative test possesses 
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Strategies for epitope analysis using peptide synthesis 

H. Mario Geysen. Stuart J. Rodda, Tom 1 Mason, Gordon Trihbick and Peter G. Schools 

Department of Malc&Mr //n/Hiuwfogy, Commonwealth Serum Laboratories, 45 Poplar Rood. Parkviltv. Victoria 3052. Australia 
(Received i) March 1937, revise! received 11 May 1967, accepted 13 May 1937) 



A recently developed approach to the : -wiLef.is and EI.TSA screening of large numbers of peptides is 
described. The method has created the PTjportuni*.\ ;o tackle questions about the sites and specificity of 
antigenic determinants which wer.e formecly thought to be too difficult to answer. The various strategies 
for application of thus method are described -along with examples of their successful us* They include a 
procedure for locating all the continuous antigenic peptides of a protein antigen, and the identification of 
non-replaceable amino acid residues within an antigenic peptide. An approach to the determination of 
amino acid residues involved in the epitope for any monoclonal antibody is also described. These strategies 
open up the prospect of rapid mapping of the antigenic properties of hitherto poorly understood antigens. 

Key words: Peptide synthesis 1 . EJJSA; Epitope; Mimoiope 



Introduction 



Solid-phase methods for .thv synthesis ' .01 
peptides (Merrifield. 1963) have proven to. _b* .ex- 
tremely versatile tools for the study of protein- 
protein interactions. Until the advent of solid- 
phase peptide synthesis, investigation of the sires 
and nature of the epitopes of protein antigens 
proceeded slowly, using the laborious methods of 
testing protein cleavage fragments and chemical 
modification of proteins. Synthetic peptides are 
now extensively used in the fields of immunology, 
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: hcrmone-rcceptor interactions and vaccine re- 
search. The genera] approach is still to synthesize 
peptide bomologs or analogs of sections of a larger 
polypeptide or protein and evaluate their biologi- 
cally relevant activity. Because there have been 1 
limitations on the number of peptides which could 
be readily synthesized and tested, the choice of 
peptides has often been made on the basis of 
predictive algorithms which have appeared in the 
scientific literature in recent years (Hopp and 
Woods, 1.981; Fraga, 1982; Westhof et al, 1984; 
Fanning et aL, 1986; Novotny et aL 1936; Thorn- 
ton et al., 1986). Clearly, for these strategics to be 
successful there must be a good correlation be- 

> Uveen the predictor parameters and the desired 
biological activity. 

Limitations on the systematic use of peptides 
have included the cost and magnitude of the facili- 
ties required to provide a significant number of 
peptides for evaluation. In addition, peptides arc 
frequently coupled to a solid surface or a carrier 
molecule in order xo allow detection of binding 
interactions between the peptide and a protein. 
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This coupling procedure can significahtJy affect 
the preseniation of the peptide, even to th* -extent 
of masking potentially' reaaive 'amino add side 
chains. 

We have demonstrated (Ceysen et al. 1984) 
that by relaxing the criteria for quantity and pur- 
ity, peptides can be synthesized in a re-usable 
formal in numbers three orders of magnitude 
greater than by conveniional means. A systematic 
approach involving complete seis of related 
peptides is therefore possible. Results obtained 
from such a systematic approach are independent 
of the accuracy of any predictive algorithm, *nd 
are providing a comprehensive database -frciii 
which more accurate relationships can bd for- 
mulated (Geysen ct ah, 1985V 1987;.^ ad- 
ditional advantage of this systematic approaches 
that the number of negative controls incorporated 
into any experiment is very large, providing a 
statistical basis to set criteria for a significant 
positive interaction, 

Improvements in the synthesis procedures, and 
experience gained by their use, over the past 3 
years have led to a number of defined strategics 
which arc useful in studying antigen -antibody in- 
teractions. During this period more than 200000 
peptides have been synthesized and tested with t a 
variety of both monoclonal and polyclonal sera to 
yield a database of greater than, 1 000000' aysy' 
values. Various antigens have been studied* jf roii. 
small protein antigens such as . myoglobin and 
myohemerythrin whose tertiary structure is known 
from X-ray crystallography (Rodda et al M 1986a; 
Geysen ct al., 1987) to complex antigens of un- 
known tertiary structure such as foot and mouth 
disease virus cap si d protein (Geysen et al., 1984, 
19S5). The results of these studies have indicated 
that previous concepts of antigenicity of relatively 
simple antigens (Atassi, 1984V need extensive revi- 
sion. 

The current methodology requires only basic 
skills in organic chemistry, and can bcJused< to 
synthesize more than 2000 peptides (hexapeptideir) 
per 10 working days. Because peptides \aje T , pro- 
duced in a re-usable format, the.'Umitationno data 
collection very quickly devolves to the testing and 
evaluation capability of the group. Our group 
presently tests about 4000 peptides each working 
day. 
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Materials and methods | 

Synthesis of peptides ■ 

Chemicals were of analytical reagent grade or j 

the best available grade unless otherwise specified. j 

Specially molded high-density polyethylene rods J 

(diameter 4 mm, length 40 mm) were washed in ! 

toluene, dried, then treated with 10% (w/v) per- ! 

chloric acid in water for 2 h. After several rinses in ; 
water, the rods were suspended in deaerated 6% 

(v/v) acrylic acid (BDH cat. no. 27046) in water : 

containing 0.005 M copper sulfate. Bottles filled i 

<vith rods were gamma-irradiated in a commercial ! 

sterilization plant at a dose of 0.8 Mrad j 

(itfuller-Schulte and Horsier, 1982) to graft poly- j 

mcrize the acrylic acid to the rods as polyacrylic j 

acid. After grafting, the rods were washed in water v i 

0.1 M sodium carbonate, water, 0.1 M hydrochlo- ■ 

ric acid, and finally with water again before thor- . 

ough drying at 60 °C overnight. These dried, , 

grafted rods were assembled into .specially molded ; 

polyethylene holders designed to hold 96 rods in j 

the format and spacing of a microliter plate. Sub- , 

sequent reactions at the tips of the rods were j 

carried out in wells drilled in a teflon block in an : 

8 X 12 matrix to match the rod spacing. ! 

. A r-butyloxycarbonyl (BOC)-protected amino . 

group was introduced by reacting the polyacrylic j 

acid on the rods for 2-3 days with 0.15 ml per rod ; 

of a mixture containing 78 mM dicyclohexyl- . 
carbodiimide (DCC, Fluka cat. no. 36650), 142 

mM hydroxybcnzocriazole (HOBT, Fluka cat. no. ' 

54802), 72 mM mono-f-butyloxycarbonyl-l,6-di- ; 

aminohexane hydrochloride (Fluka cat. no. 15392) j 

and 72 mM iriethylamine in dimethylformarnide j 

(DMF). BOC deprotection was effected using a j 

conventional trifluoracetic acid treatment (Table j 

I). For each step, rods in holders were placed in a ! 

bath of reagent, which was covered during the ; 

specified incubation time. After the trifiuoroacetic j 

acid treatment, the rods were allowed to dry in air j 

prior to neutralization. The potential problems of | 

(ix^ihermic reactions and precipitation of salt were J 

avoided by this precaution, and also by reason of ! 

the small amount of amine on the rods;, its surface ; 

location on the tips of the rods, the high solubility I 

of the salt in ethanol, and the large volume ( > 200 • 
ml) of solvent present in each bath. 

A purposely limited amount of BOC-/?-alanine 1 
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was coupled to the free amino groups by reacting 
each rod for 4 h wiih 0.15 ml of DMF containing 
30 mM BOC-0-alanine, 33 mM DCC and 60 mM 
HOBT, to complete a peptide-like spacer! 'Ur.n- 
acted amino groups were acetylaied by. reaction 
for 1 h with 0.165 ml per rod of a DMF : acetic 
anhydride : triethylamine mixture (5 : 2 : 1 v/v/v). 
Kits containing rods prepared to this stage are 
available from Cambridge Research Biocbemicals, 
Cambridge, U.K. Rods were then BOC-depro- 
tectcd (Table J) and the first amino acid coupled, 
as dictated by the .sequence to be synthesized. 
DCC/HOBT-mediated coupling reactions were 
carried out overnight in 0.15 ml per rod of a DMF 
solution of the particular side-chain protected 
BOC-amino acid. Concentrations of rcactarits were 
as for BOC~j3-alanine (above). " < ' y 

The following side-chain protecting groups were 
used: 0-benzyl for threonine, serine, asparticaad, 
glutamic acid and tyrosine; carbobenzoxy for 
lysine; tosyl or 4-methoxybenzesuIfonyl for 
arginine, tosyl tor histidine, and 4-methoxyben7yl 
for cysteine. AD protected amino acids were from 
either Bachem (Switzerland) or die Peptide in- 
stitute (Japan). 

The synthesis of the required peptides was 
completed by successive cycles of BOC deprotec- 
tion (Table I) and addition of one amino acid per 
rod per day as for the first amino acid (above): A 
microcomputer program was used to- direct ' the 
addition of the correct amino acid to each rod 'on 
each day. At the completion of the final coupling 
reaction, and after removal of the BOC protecting 
group, the terminal amino group was acetylated as 
described for rods after the 4 h coupling of BOG- 
/?-alanine (above). 

Side-chain deprotection was achieved by treat- 
ment with 0.5 ml per rod of 50 mM boron tris- 
(trifluoracetate) (Merck cat. no. 818067) in dry 
trifluoroacetic acid for 90 min at 4°C with par- 
ticular care taken to exclude moisture (Pless and 
Bauer, 1973; Bauer and Pless, 1976). Parallel de- 
protection of BOC-L-arginine( tosyl) and-evaiu^ 
tion by ihin-layer chromatography confinned w the 
effectiveness of the boron iris(irifluoracetato.) 
method for quantitative removal ofuhe tosyl 'group, 
the most stable side-chain protecting gsoup.tusud 
in this study (unpublished work). Additional evi- 
dence for the effectiveness of the side chain depro- 



tection method was derived from ELJSA testing of 
rocis bearing sequence GDLGSIA, a characterized 
epitope recognized by both polyclonal and mono- 
clonal antibodies (Gcysen et aL 19S5). Rods which 
had been treated with boron tris(trifluoracetaie) as 
above gave a titer (endpoint optical density = 1.0) 
of > 100000, whereas rods which had not been so 
treated gave a titer of < 200. 

Before testing by ELISA, rod-coupled peptides 
were washed in aqueous 0.1 M sodium phosphate, 
pH 7.2, for 30 min, then subjected to a cleaning or 
'disruption' process as follows. Rods were im- 
mersed in an aqueous solution, prewarmed to 
60 0 C, containing \% sodium dodecyl sulfate, 0.1 % 
2-mercaptoethanol, and 0.1 M sodium phosphate, 
pH '7,2. While in this solution, they were sonicated 
for 10 min at a power input of about 1000 W for a 
bath volume of 5 liters. Rods were then immersed 
in water at 60 °C, followed by boiling methanol, 
and air dried. 

EIJSA 

ELISA reactions on the rods were canted out 
with serum and conjugate solutions in polystyrene 
microliter trays. The tips of the rods, with the 
synthesized peptides still bound to them, were 
immersed for 1 h at 25° C in 0.2 ml of a 'diluting 7 
buffer comprising 1* bovine serum albumin 
(Fraction V), 1 % ovalbumin (Sigma cat. no. A5253) 
and 0.15 Tween 20 (IC1) in 0.85% saline buffered 
with 0.01 M phosphate, pH 7.2, to block non- 
specific adsorption of antibodies. A suitable dilu- 
tion of antiserum was prepared in the diluting 
buffer and the rods were incubated in 0.175 ml 
overnight at 4° C with agitation. Rods were washed 
four times in baths containing 0.05% Tween 20 in 
phosphate-buffered saline, pH 7.2 (PBS/Tween) 
for 10 min each time, to remove unbound anti- 
body. Bound antibody was detected by reaction 
for 1 h at 25° C in 0.175 ml 'conjugate', compris- 
ing a saturating level (0.25 mg/l) of horseradish 
peroxidase-labellcd goat antj-lgC, specific for the 
ipecie* under test (Kirkcgaard and Perry Labs, 
■Nlnyland) made up in diluting buffer. The rods 
were again washed four umes in baths of 
PBS/Tween, to remove excess conjugate, and the 
presence of enzyme was detected by reaction for 
45 min at 25 0 C with 0.15 ml of a freshly prepared 
enzyme substrate solution. In earlier work this 
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TABLE I 

BOC-DEPROTECTION CYCLE 
Reagem 



Ethand 1 ^ s-v 

Dichioromcthanc (DCM) 3 5 .-hi:-.'- 

50% trifluorioctit acid in DCM 1 30 mift 

10& iricthylamine in boiling cihanoi 1 • 15 s 

DCM 1 5 min 

10% tricihylamine in DCM 2 5 nun 

DCM 3 5 min 



consisted of 40 mg of ophenylenediamine (OPD) 
and 0.018 ml of c 120 vol 1 hydrogen peroxide in 
100 ml of 0.1 M phosphate/citrate buffer, pH 5Jj. 
In latex work, this was changed to 50 mg'orAliTS 
(Boehringer Mannheim, cat. no, 122661). and..0,03 
ml of '120 vol' hydrogen peroxide in 100 ml of 0.1 
M phosphate/0.08 M citrate buffer, pH 4T0. Color 
development was stopped simultaneously in all 
wells by removing the rods from the microti ter 
plate containing the substrate, for OPD, the col- 
ored product was measured in a Titertek Multi- 
skan MC plate reader in the dual wavelength 
mode ai 450 nm against the reference wavelength 
of 690 nm. For ABTS, the measurement was per- 
formed at 405 nm against the reference wave- 
length of 492 nm. ELISA absorbance values were 
transmitted to a microcomputer and stored ;ori 
diskette for later analysis. * ** f 

To remove bound antibody from rods prior,, to 
retesting of the peptides, rods were disrupted as* 
described above and could be stored in 'the* dry 
state if not required immediately. Control EJUS A 
tests, in which no antiserum was present in the 
diluting buffer during the overnight incubation 
step, showed that this disruption procedure re- 
moved all detectable antibody. Amino acid analy- 
sis also confirmed the absence of amino acids 
other than those contributed by the peptide 
synthesized on the rod. 



Interpretation of data 

The choice of the small-scale, surface synth'esi;. 
format for peptide synthesis was* based \;onr- the 
following reasoning: ' - n 

(1) In order to detect by ELISA antibodies atilc 



to bind a particular peptide, ihe quantity of peptide 
need only be in the range of pmol (Bittle et al. 
1982). Since the level of peptide on the tips of the 
i Dos, as determined by amino acid analysis (see 
below) is typically 30-50 nmol, there is more than 
sufficient peptide for detection by ELISA. The 
absorbance obtained in an FXJSA for a given 
peptide is therefore expected to depend mainly on 
the concentration of the antibody population with 
the correct specificity for reaction. The difference 
in the absorbance obtained with peptides synthe- 
sized with densities varying over two orders of 
magnitude is similar to the 1.0-30% variation ob- 
served between replicate syntheses (unpublished 
data). Thus the absorbance is essentially indepen- 
dent of the peptide density, expressed as reacting 
groups/mm 2 of support, over the range used in 
this work. 

(2) High purity for the peptide used in the 
detection of antibodies is not a necessary condi- 
tion. The majority of serological tests rely on the 
specificity of antibodies to detect a given aniigen 
in the presence of large amounts of irrelevant 
protein. Tn testing rod-coupled peptides using hy- 
perimmune sera or monoclonal antibodies (MAbs), 
we rely on the selectivity of the antibodies to 
ensure that the binding observed was due to reac- 
tion with the nominal sequence synthesized and 
not with the small amounts of deletion peptides, 
termination peptides or other by-products which 
ineviiably form during peptide synthesis. Where 
peptides were identified as binding an antibody 
and were subsequently resynthesized and purified 
in mg quantities, the pure peptide when coupled 
to rods also bound the antibody : confirming the 
original result. It must be emphasised that the use 
of surface-synthesized peptides as described here 
is a screening procedure leading to the identifica- 
tion of sequences for further investigation on a 
larger scale, i.e., on a scale which allows full 
characterization of the reacting peptide. Because 
of the uncertainty of the final purity of the peptide 
on any given rod, the method suffers from the 
disadvantage that a negative result (no binding) 
cannot be taken as proof of the absence of anti- 
body able to bind to that nominal sequence, 

(3) Control peptides: The rod format of peptide 
synthesis provides the opportunity to synthesize 
many peptides simultaneously. In many of the 
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systematic syntheses reported bdow, a large num- 
ber of : the peptides effectively act as negative 
controls in the test. When peptides on adjacent 
rods differ in sequence by only one or two amino, 
acids at their termini, the observation of* a.nij body _ 
binding to one rod but not to adjacent rods is 
particularly good evidence for the specificity ot 
the test. The background level can thus be defined 
as the mean absorbancc for the set of peptides 
giving a uniformly low value in the test. 

Assessment of peptide synthesis 
' The quality of the peptides was assessed by: 

Amino acid analysis. Whole rods or the tips of 
rods on which peptide had been synthesized were 
subjected to hydrolysis in cons tan t-boiurjg hydro- 
chloric acid in a nitrogen-purged, evacuated 
ampoule at 110 °C for 24 h. The rod was removed,, 
the solution evaporated to dryness and the rchMivs.. 
reconstituted in amino acid analysis buffer A 7or 
analysis on a Waters ion exchange amino 7 acid 
analyzer using pH gradient elution, poU-column 
o-phthalaldehyde derivauzaiion and fluorescence 
detection. Samples were compared with standards 
(Pierce cat. no. 20088) for calculation of absolute 
levels of amino acid. Accuracy was probably lower 
than for conventional amino acid analysis because 
of the presence of an excess of hydrolysis prod- 
ucts, such as became thylene diamine and poly- 
acrylic acid. Tryptophan was not determined as it 



table ii 

AMINO' ACID ANALYSIS OF CONTROL PEPTIDES 



was destroyed by this sample preparation method. 
Cysteine and methionine were detected only 
qualitatively, as cystcic acid and methionine 
sulfoxide, respectively. Proline was determined on 
•separate analyzer runs foDowing treatment of the 
sample with sodium hypochlorite. 

Synthesis efficiency. Control peptides included 
in each synthesis were designed to check the cou- 
pling of each amino acid on each day of synthesis. 
This approach required the synthesis of 20 control 
peptides. To simplify the subsequent amino acid 
analysis, sequences were synthesized in which no 
amino acid was repeated, and in which the analy- 
sis would yield unequivocal results, e.g., Glu (E) 
and Gin (Q) could not be included in the same 
peptide. It was found that the above conditions 
were met in peptides up to 9 residues in length by 
synthesizing peptides with sequences determined 
bv. the alphabetical order of the single letter code 
for each amino acid (1UPA&1UB, 1968). Thus, 
for a hexapeptide synthesis, sequences GFEDCA, 

HGFEDC, IHGFED EDCaYW, FEDCAY 

were synthesized a? controls for amino acid analy- 
sis. Table II presents the results of the amino acid 
analysis of a set of typical control peptides. It can 
be seen that, with two exceptions, acceptable levels 
of incorporation of amino acids were achieved. 
Failure to detect methionine on the day 6 control 
may have been due to the difficulty of getting 
satisfactory recovery of this amino acid by this 



Day 



Amino acid ' 





A 


C 


D 


E' 


F 


0 


H 


1 


K 


L 


M 


N 


Q 


R 


S 


T 


V 


Y 


Mean 


1 


1 0 


D* 


O.S 


1.0 


1.3 


O.fi 


1.2 


1.0 


0.8 


0,3 


D 


0.5 


2.2 


1.1 


1.1 


1.1 


0.9 


0.4 


1.0 


2 


o.s 


D 


O.S 


0.8 


U 


1.* 


0,6 


0.6 


1.2 


0.3 


D 


0.9 


1.5 


1.6 


0.9 


1.0 


0.9 


1.0 


1-0 


3 


1,4 


D 


o.s 


0.9 


1.1 


0.9 


1.0 


0.5 


0.9 


1.9 


D 


0.6 


0.5 


1.5 


1.7 


0.3 


1.1 


0.8 


1.0 


4 


0.8 


D 


1.5 


0.9 


1.0 


0.7 


0.7 


0.8 


0.5 


1.2 


D 


0.7 


0.7 


0.5 


1.3 


1.7 


0.9 


0.7 


0.9 


5 


0.6 


D 


0.9 


0,6 


0.9 


0.6 


0.6 


0.5 


0.5 


0.5 


D 


as 


0.3 


0.7 


0.4 


1.2 


1.1 


0.9 


0.7 


6 


O.S 


D 


0.7 


1.2 


0.4 


0.7 


0.6 


0.5 


0.4 


nd c 


nd 


O.S 


0.7 


0.5 


0.6 


0.4 


1.2 


1.0 


0.7 


Mean 


0.9 




0.9 


0.9 


1.0 


0.9 


O.S 


0.7 


0.7 


0,9 d 




0.7 


1.0 


1.0 


1.0 


1.0 


1.0 


O.S 


0.9 



tt Ail values in the ublc &k ihc molar ratio ot (he amino acid lo the /3-alanjnc on thai rod treated iu an internal standard. Cysteine 
(C) and methionine (M) arc degraded to a variable extern in^c hydrolysi* method used. The method is unsuitable for the estimation 
0/ tryptophan. In two analyses for proline (Sic tey.l). demean ratio of 0.7. ?/as obtained. 
B Detected (sec text). 

c Not detectad (see text). *' " : . . 

d Mean of 5 days only. -** , 
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method. The failure to detect leucine on ihe same 
day is of greater concern, as it may represent an 
operational error in activation or addition of this 
amino acid to the rods. Detection of a coupling 
failure necessitates a repeat of the synthesis to 
verify the results. . - - 

Control ELISA-tesiable peptides. A reficiemw/ 
introduced in the tatter stages of this work was the 
synthesis, within each group of 96 l'ods on a -single 
rod holder, of two peptides which could be cliecl'/d 
by ELISA. One of these peptides (acetyl- PL A Q- 
link-rod) is known to bind specifically to an anti- 
sperm whale myoglobin MAb, and the other 
(acetyl-GLAQ-link-rod) is a similar but non-bind- 
ing peptide for the same MAb (Geysen, 1985). At 
the conclusion of each synthesis, these rods were 
tested with the MAb under standardized ELISA 
conditions. If the expected absorbanee values in 
die ELISA for the positive and negative peptides 
were obtained, this provided evidence for success- 
ful synthesis in advance of amino acid .an^ysi.\ 
results becoming available. r '•- 

Stability on repeat testing ;!■< w \ ■ 

; In order to evaluate the long-term stability of 
peptides to repeated ELISA testing, a set of over- 
lapping peptides (tri- to hep tapep tides) homolo- 
gous with a portion of sperm whale myoglobin, 
residues 81-96 ("HHEAELKPLAQSHATK") 
was synthesized. Four rabbit polyclonal sera and 
one monoclonal ascites containing antibodies re- 
active with some of the peptides comprising the 
set were repeatedly tested for a total of 50 tests, 
i.e., a total of ten tests with each serum. When th? 
absolute signal obtained in the test is evaluated 
a function of the test number, a gradual- decrease 
is observed (Fig. 1). In addition, the scatter about 
the line of best fit is an indication of the inherent 
between-test variability in the assay itself. Tn the 
example shown, the useful life of the peptide set is 
about 50 tests, i.e., the number of tests after which 
the signal obtained is approximately half thai 
obtained in the initial test. 

Applying the same criterion to many other sets 
of test results, we have found that a set of peptides 
is useful for 30-60 tests. No obvious correlation 
between the amino acid composition of individual 
peptides and their useful testing lifetime'eould be 
established. ■..,^«» 
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Fig. 1. Decrease in ELISA absorbanee on repeal irsting of 
rod-coupled peptides, a, peptide ^PLaQ 01 ; <> t peptide 
^LAQS' n ; a peptide 87 KPLA W , all homologous with swMb- 
Every fi/ih assay of the peptides was with 3 1/400 dilution of 
in anti-s^Mb monoclonal ascites fluid previously found to 
bind specifically to peptide PLAQ (Geysen, 19S5; Rodda el M.. 
in preparation) and the ELISA developed with OPD/hydrogcn 
peroxide substrate. The lion of best fit are also shown for the 
three peptides. 



Results 

'Scanning' 

Immunization of a vertebrate with a protein 
antigen evokes an immune response, the major 
soluble products of which are the immunoglobu- 
lins. These are distinguished by their specificity 
for the inducing antigen, and bind to the antigen 
at sites usually referred to as epitopes or determi- 
nants. The number of epitopes varies from antigen 
to antigen, however aside from the limitation im- 
posed on antigens having partial homology with 
self proteins, the majority of the surface is now 
thought to be potentially antigenic (Benofsky, 
1985). Epitopes are classified into two categories: 
(3) sequential or continuous epitopes which con- 
sist of a linear sequence of amino acids homolo- 
gous with the inducing antigen, and (2) assembled 
epitopes, where the site of antibody binding con- 
sists of amino acids distant in the linear sequence 
but brought together by folding (tertiary structure). 

Identification of sequential epitopes is readily 
accomplished using a complete set of all possible 
overlapping synthetic peptides of a given length 
homologous widi the sequence of the antigen of 
interest. With the proviso thai the length of the 
peptides is equal to or greater than the longest 
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sequential epitope, BLISA testing of this set of 
peptides with a given serum specific for that anti- 
gen will identify the antibody-binding peptides 
defined by thai serum. The relationship between 
the antibody-binding peptides and sequential epi- 
topes of the antigen is then established by meth- 
ods such as competitive inhibition of binding usirAt 
the whole antigen, use of monospecific antibody 
preparations, and by demonstrating with smfi- 
cicnt appropriately chosen negative controls ihar 
the antibodies binding to the peptides:"- ?re 
antigen-specific. 

The size of sequential epitopes in terms of 
number of amino acids has been estimated from 
detailed studies of antibody-binding peptides and 
from analyses of the size range of the antigen 
combining site of those antibodies for which the 
structure has been solved. The present consensus 
is that sequential epitopes are from 5 to 8 residues 



long (Kabai, 1970; Schechter, 1971). It follows 
that octapeptides should be used if all sequential 
epitopes are to be detected, whereas better resolu- 
tion can be gained from scans of shorter peptides. 

Scanning a protein of n residues thus requires 
the synthesis and testing of (n - 7) octapeptides. 
whereas («-5) hcx&peptides constitute a com : 
pkie scan at the shorter peptide length. For exam- 
pie, Fig. 2A is a scan of the model antigen 
myohemerythrin (Geysen et a]., 1987) at hexapep- 
tide length, using hyperimmune rabbit scrum. It 
can be seen that certain peptides bind these rabbit 
antibodies with a good signal to background ratio. 
It is also clear that the large majority of peptides 
is essentially unrcactive with any of the anti- 
myohemerytbrin antibodies in this scrum, a find-., 
ing which was confirmed by the absence of inter- 
actions when a prebleed serum was tested on the 
same peptides (data not shown). Fig. 2B shows a 
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Fig. 2. Scans of hexapeptides homologous vith the sequences of myohemerythnn M) or Thy 1.1 { B). A: Peptides were reacted *iih a 
1/1000 dilution of rabbit anti-myohomcryihrin serum and rhc ELISa developed with OPD/hydrogen peroxide subsuaie {maa-mk 
and methods section). B: Peptides were reacted with a 1/400 dilution of anti-peptid» 88 serum (Alexander ct al. ( 19R3) and the 
ELISA was developed with A BTS /hydrogen peroxide substrate (materials and method* section). Each peptide is identified hy both 
the number in the sequence and the sin&le lecter cede of its ami no terming! residue. Thus, the sequence appearing on the ordinate is 
the sequence of the protein, commencing with the amine* terminus m the left. The five carboxy terminal residues are shown for 

* * , completeness. 
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scan, at the hexapcptidc length, of a small region 
of the mouse T cell marker antigen Thy 1.1. The 
antiserum used in this example was an anti-peptide 
serum prepared against peptide 7$ KDEGDYF- 
CELRVSGANPMS 57 homologous with this region 
of the protein (Alexander et a]., 1983). Strong 
binding of the anti-peptide antibodies is seen 
with the live hexapep tides ( W VSGANP ?S to 
^NPMSSN^) adjacent to but not including those 
bexapepudes containing R 39 , the" latter peptides 
being only weakly reactive. This finding where 
the amipeptide serum only reacts with 'peptides 
common to the two Thy antigens, could expiain 
the inability of this serum to distinguish between 
Thy 1.1 and Thy 1.2 in irnmunoblots (Alexander 
et al., 1983). The only amino acid difference be- 
tween ihese antigens occurs ai residue no. 89, 
being arginine in Thy 1.1 and glutaminc in Thy 
1.2. 

Because of the large number of negative con- 
trols in any given scan, a l test background* is 
quickly established, e.g., by ranking the ab- 
sorbance values and averaging the lowest- 15%' of 
the values. Additional negative controls are "re&ii- 
ily tested, e.g., peptides from an unrelated antigen 
or 'nonsense' peptides, and our experience has 
been that the background from such additional 
negative controls agrees with the background 
established from the lowest 25S within a scan. We 
have not observed the non-specific binding associ- 
ated with particular residues occurring near the 
amino terminus of solid-phase-bound peptides as 
reported by Shi et al. (1984). 

We hove not yet definitively established the 
significance of the absolute value ol the ab- 
sorbance on any given positive peptide. Under the 
ELISA conditions used (materials and .methods 
section), we find that the net absorbancc (titer 
subtraction of background) is directly/- propor- 
tional to the concentration of the serum f The 
relative importance of antibody affinity for' the 
peptide, or antibody concentration, in determining 
the absolute value is at present unknown. In a feu- 
examples studied (Geysen et al., 1986b; Rodda et 
al M 1986b). some monoclonal antibodies reacted 
with peptides in this system gave titers orders of 
magnitude higher, and .some gave lower titres, 
than with native antigen. Clearly, the sensitivity of 
detection of epitopes is affected by the dilution 

»i 
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chosen for the test of the antiserum, and a more j 

useful representation of the results may be to titer j 
the antibodies reactive with each peptide (Geysen 

et al., 1987). ! 

The scanning approach presents a much larger : 

database of information on peptide epitopes than 1 

was heretofore available. As a result, conclusions ! 

drawn from the limited information previously j 

available will have to be modified, for example the I 

•established' epitopes of the widely studied anti- j 

gen sperm whale myoglobin (Atawi, 1984) are not j 

the major ones, nor are they conserved between . 
responding species (Berzofsky et al.. 1983; Rodda 
« al., 1986a). 

Multiple length scanning (window / window + / » 

analysis) j 

An alternative description of the scanning pro- j 

cedure is to imagine the protein to be stretched [ 

out in a line, and that we are looking at the ; 

sequence through a 1 window' of a defined number ; 

of residues in width. By moving the window along j 

Hhe sequence in a step- wise fashion, the antibody- ; 

binding activity of each ' view* can be determined j 

for the serum used in the test. Scanning multiple j 

sets of peptides which differ only in peptide length ; 

is analogous to viewing the protein through multi- j 

pie windows of differing width. The data collected \ 

from this procedure can be usefully analyzed to j 

determine the differential activity of the view from ! 

two windows differing in width by one residue, j 

From this the effect of the addition of the extra | 

residue can be gauged in the context of those j 

residues constant to each view. By aligning, at ; 

their amino terminal ends, peptides differing by ; 

one residue in length, the set of residues which ' 

affect binding of antibodies when they occur at j 

the carboxy terminus of a peptide is identified, j 

Aligning the peptides at their carboxy terminal ; 

ends then identifies the set of residues which have ! 

an effect when they occur at the amino terminus j 

of the peptide. By this approach, the boundaries , 

or ends of minimal antibody-binding sequences I 

are readily determined. Residues, adjacent to the | 

minimal antibody-binding sequence, which con- i 

tribute significantly to the strength of binding are ; 

also revealed. J 

Fig. 3 shows an example of a multiple length : 

scan of a small portion of the swMb sequence, j 
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Fig. Scans at multiple pep title lengths of peptide* homolo- 
gous with residues 110-131 of (he s^Mb sequence. Pcpiidcs 
were reacted with a 1/800 dilution of ra; anii-swMb serun; (m 
no. lift. Rndda el a]., 1986a) and (he EL1SA developed wiih 
OPD/hyd/ogen peroxide subsvraic. Vcpiidw in ihc Isft.rwiiC t'f 
die figure are identified as in Fig. 2, Peptides in the n*ht half 
Of i he figure arc identified by the residue numbered single 
letter amino acid code of llleir c.vboxy terminal residue. ?nd 
are aligned at their tarboxy termini. The Icngihs of the peptides 
Are given above the scans, c,g (1 tcirapcpiidcx ;ire identified is 
4-vner, pcniapepiidcs as S-mcr, cic. 



tested with a rat anti-swMb scrum. It can be seen 
that there are no tetrapeptides in this region which 
bind these rat anti-swMb antibodies, but one pen- 
tapeptide, 122 DFGaD 126 does. Window/window 
+ 1 analysis applied to the tetra- and penta- 
peptides, by aligning the peptides at their, amine 
termini, identifies residue D u2 as critical^ th-; 
binding interaction. Similarly,- aliening the 
peptides at their carboKy termini identifies as *'£ 
critical residue D 12r> . Furthermore, windoW/v/in- 
dow 4- 1 analysis applied to the penta- and hexa- 
popiide sets demonstrates that residues G U1 and 
A* 27 are not directly involved in antibody binding. 
Similarly, analysis of the hexa- and heptapeptide 
sets demonstrates that residues ? uo and Q i2S do 
not contribute. Taken altogether these results sug- 
gest the presence of a single sequential epitope, 



comprising the five residues 122 DFGAD 126 . 

This type of analysis is most useful when epi- 
topes are clearly separated by non-reactive se- 
quences, otherwise, as in the case of overlapping 
epitopes, the contribution of a residue to binding 
cannot easily be ascribed to a particular epitope. 

Replacement xet analysis 

Whilst the multiple length scanning technique 
provides basic information about the location and 
tV,c boundaries of epitopes, no information about 
the contribution to antibody binding of the other 
individual residues within the epitope is obtained. 
This information is readily determined, for any 
residue in a reactive peptide, by comparing the 
antibody-binding ability of peptides which are 
.synthesized with alternative residues in that loca- 
tion, if antibody binding is lost when the original 
(parent) residue is replaced with residues of dis- 
similar character, our interpretation is that this 
residue contributes directly to the interaction, i.e., 
it is a 'contact residue*. The converse, where anti- 
body binding is essentially independent of the 
particular residue present in that location, is imer- 
pctod to indicate that the side chain of this 
residue is not in direct contact with the antigen- 
combining site of the antibody. An exception to 
the above categories of contact residues and non- 
contact residues occurs occasionally when the 
parent residue is one of the small amino acids 
glycine, serine or alanine. Replaceability is often 
limited to this trio. We have interpreted this to 
indicate that the conformation of the peptide, 
necessary for binding to the antibody, cannot be 
adopted when that residue has a bulky side chain. 

The replacement set analysis thus involves sys- 
tematic synthesis of a comprehensive set of peptide 
analogs, each analog differing from the parent 
peptide at only one location. This is done for each 
location (residue) of the parent peptide. As the 20 
genetically coded amino acids represent residues 
of diverse properties, when compared for site, 
shape, hydrophilicity/hydrophobicity etc., they are 
sufficiently diverse replacements for the parent 
residue and allow a systematic evaluation of ana- 
logs. For a replacement set based on a parent 
sequence six residues long we therefore synthesise 
120 peptides, including six copies of the parent 
sequence incorporated automatically as positive 
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controls, by using all 20 amino' acids ^i , each 
location. 

Fig, 4 shows results of an ELISA with a re- 
placement set consisting of the 100 peptide ana- 
logs of the antibody-binding s^Mb pentapeptide 
shown in Fig. 3 (DFGAD). The replacement set 
was reacted with rat anti-swMb serum taken from 
the .same animal 5 days before the serum used in 
generating Fig. 3. It is clear that the only analog 
as effective at binding anii-swMb antibodies as 
the parent pentapeptide is the peptide .DFG30, 
with S in place of the A, a relatively conservative 
replacement. In this example, the A is the nK.st 
replaceable residue, although some of the analogs 
in which the amino terminal ±j or the-F arL- 
replaced also bind a significant amount of anti- 
body. The G is an. example of a completely non- 
replaceable residue. It is frequently possible to 
discern relationships between the residues partly 
or wholly acceptable as replacements, for exam- 
ple, glutamic acid as a replacement for the carboxy 
terminal aspartic acid. A more detailed treatment 
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of the analysis of replacement set results is in 
preparation. 

There is clear agreement between the replace- 
ment set analysis and the window/window + 1 
analysis (above) of this peptide. Both approaches 
identify the terminal aspartio acid residues as vital 
to the epitope. However, the replacement set anal- 
ysis clearly provides much more insight into the 
fine structure of the epitope. 

A difficulty inherent in the analysis of a re- 
placement set using polyclonal antibodies is the 
.possibility of the presence of populations of anti- 
bodies which will accept different patterns of re- 
placements. At this fine level of discrimination, 
one peptide is effectively a single epitope foi 
different paratopes (antibody combining sites). 
Monoclonal antibody preparations, having only 
one paratope, do not suffer from this compli- 
cation. Fig. 4 .shows the ELISA test results with 
the 120 hexapeptides of the replacement set ol 
peptide QGGLED, a peptide recognized by an 
MAb raised against the repeat sequence of a 
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?\o 4, Replacement set analysis cf epitopes.. Tne'uppV* replacement set is based on parent pentapeptide U1 DFCAP ' 
homologous with vwMh. Each block of 20- ELISA Viiiws represents the results with peptides containing (he single ammo ae* 
substitution identified by the single Letier code beneath each bur. The position of the .substitution is indicated by an asterisk m m 
sequence &iv en under thai block. The homologous amino acid is emphasised. ELISA value,! for the five copies ot the parent sequene 
have hecn averaged and taken us 100% for the purposes nf comparison «rilh replacement analogs. The peptides were vested with 
1/800 dilution 0/ serum from Mi «o. lift fFi&. 3) and the ELISA developed with OPD/hydrogen peroxid* substrate. The low: 
replacement set is based on parent texapeptioc OOOLED, a portion of a repeal scoucnec (Bushell ct M.. 1987) of 
fokiparw S-antigen. Thc«* VJO nexapeptide* were tested with a 1/800 dilution of a monoclonal ascites fluid and the EU* 

developed with OPD/hydrogen peroxide. 
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malaria) S-antigen (Bushcll et aU 1987). In,^ 1 - 
case, the contact residues are Q, the second <i ; . 
and L. The patterns of replaccabiiity are "very 
clear: no residue will substitute for the Q. only the 
small hydrophilic S will substitute for the second 
G. and the aliphatic hydrophobic I and V are 
equally acceptable in place of the L. Peptides with 
alternative residues to cither the E or D all retain 
some ability to bind this MAb. 

Mintotope strategy 

Modern Lcchniques allow the rapid deduction 
of amino acid sequences by the direct translation 
of the genetic code corresponding to a final , pro- 
tein product. Each of the preceding strategies; for 
the identification and analysis of antibody-bind-* 
ing peptides depends on the availability 1 01' -the 
primary' sequence for the protein antigen under 
study. However, extensive scanning of diverse 
MAbs has shown that the majority (approaching 
90%) fail to react (Geysen ct al.. 1986a; unpub- 
lished work). VVe have interpreted these findings 
to indicate that the majority of antibodies recog- 
nize assembled epitopes, and by extrapolation, 
that a similar proportion of antibodies comprising 
a polyclonal response also recognizes assembled 
epitopes. In order to overcome the need lor s*£r. 
quence information, a limitation of the imethods 
described above, the mimotope strategy was, for- 
mulated (Geysen, 1985; Geysen -at al., 19&6l>). It-iS: 
likely that the only essential criterion fo; effective 
binding of antibody to a peptide is that com- 
plementarity between the antigen-combining site 
of the antibody and the molecular surface of the 
binding peptide is maintained in regard to both 
shape and charge. It follows that antibody binding 
peptides deduced without recourse to sequence 
information should be defined as ' mimotopes', or 
mimics of the epitope which induced the antibody, 
rather than assuming that they are an accurate 
reproduction of that epitope. " . 

In our experience, it is not necessary no -'scan 
peptides any longer than octapeptides to demon- 
strate all continuous epitopes/ This suggests**! 
direct way to identify an t\body-binding v peptides, 
namely, to start with the total repertoire of oc- 
tapeptides which can be made using the 20 geneti- 
cally coded amino acids, i.e., 20 K peptides. This 
strategy could be expected to give results with 



antibodies to both sequential and assembled epi- 
topes. Even were it possible to synthesize this very 
laige number of peptides, the testing would re- 
quire a prohibitive quantity of antibody. The 
problem of the large number of peptides involved 
in the initial screen was overcome by synthesizing 
a multiplicity of peptides onto a single rod (Gey- 
sen et al., 1986a; Geysen et al., 1986b). Successive 
syntheses led to the progressive identification and 
optimization of the sequence of an antibody- bind- 
ing peptide from the many combinations present 
on the original rod. However, the first application 
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Fig. 5. A priori development of a mimotope. Top: ELJSA 
results wiih all four stcreoiiomeric pairings of dipeptidc FH, 
using anti-rabies virus monoclonal ascites fluid 101- 1 (Rodda 
et al-., \mb) at a dilution of 1/600. Middle: ELISA results 
witn tripepudes comprising sequence (L-PheXL-His^X, where 
X is one of the 20 genetically coded amino acids, in cither t- or 
D-siereoisomeric form. MAb 101-1 tested at a dilution ot 
1/7000. Bouom: ELISA results with iL-trapcp tides comprising 
sequence (L-PheML-HisHn-LeuVX whe « x is as flb ° vc ' 
101-1 tested ai a dilution ol 1/1 000000. All tests were devel- 
oped wiib OPD/hydrogen pe/oxide, and the optical densities 
expressed as a percentage of the maximum for thai set of 
peptides. 
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Fig. 6. Composition of the rod /polymer /'peptide! The chem- 
ical structural formulas of the zone* around lip of the polyeth- 
ylene rod arc shewn, along wkh the quantity (mean and range) 
- of each. Ac = acetyl group; #-Alii - fl-aUninc. 



coded amino acid, and a small selection of amino 
icids which do not occur in proteins. Fig. 5 il- 
lustrates the development of a tetrapepiide 
mimotope for a MAb directed against rabies virus 
(Rodda et al., 1986b), including two cycles of 
extension set synthesis. Only the 'direct' extension 
results at the carboxy terminal end are shown, i.e., 
those in which there was no spacer, since neither 
the spaced carboxy-terminal extensions nor the 
amino terminal extensions led to increases in 
binding comparable to those shown. As the tetra- 
pepiide mimotope obtained contains two D- amino 
acids, it could not have been arrived ai by tearing 
peptides homologous with the rabies virus antigen, 
^nor would ii have been feasible to predict the 
Mimotope from the tertiary structure of the anti- 
gen, were it known. The mimotope is therefore 
unique in its structure and method of derivation. 



Discussion 



of the method quickly demonstrated the limita- 
tions in nrnmicking assembled epitopes using 
peptides whose residues were restricted to the 
L- optical isomers of the genetically coded amino 
acids (Geysen et aL 1986b). 

With the demonstration that antibodies bind to 
dipeptides in a reproducible manner and with a 
high degree of specificity (Geysen, 1985), -i. seemed 
likely that a strongly binding peptide could be 
built up from the optimum binding dipeptide unit. 
Having established that optical isomerism of the 
amino acids used has a powerful influence on the 
strength and specificity of antibody binding by 
dipeptides, it was logical to include in the starting 
repertoire both the l- and D-optical isomers of the 
genetically coded amino acids. 

In order to extend a selected, strongly binding 
dipeptide to give a mirnotope of higher specificity 
and affinity, sets of longer peptides based on that 
dipeptide were symhesised. These ' extensions ts* 
consisted of approximately 184 peptides;' corhpiis 1 
ing both the amino terminal and carboxyHermihai 
addition to the dipeptide of members offset of 
diverse amino acids, with or without the insertion 
of 0-alamne as a spacer. The set of amino acids 
comprised the l- and D-isomers of each genetically 



The rod system described is clearly a combina- 
tion of the well established procedures of solid- 
phase peptide synthesis as first demonstrated by 
Merrifield (1963) and the ELISA developed by 
Engvall and Perlmann (1971). That some amibod- 
ies would bind to peptides while these were still 
attached to the resin used for their synthesis was 
originally demonstrated by Smith et al. (1977). 
The observation that the length and physico- 
chemical properties of linking molecules are im- 
portant parameters affecting the affinity purifica- 
tion of proteins when using carrier-bound ligands, 
was also considered in formulating the synthesis 
and testing procedure. 

The kinetics of the amino acid coupling reac- 
tions in dimethylformamide solution indicate that 
these are diffusion controlled (unpublished ob- 
servations), consistent with the concept of reac- 
tions occurring in a deep polymer matrix solvated 
by DMF. The amine groups available for synthe- 
sis are deliberately limited by using a relatively 
short coupling time for the BOC-/3-alanine linker. 
Acetylation blocks any further reaction of amine 
groups deep in the polymer, leaving a surface 
layer of BOC-protected amine. After synthesis, 
when the pepti de-polymer is solvated by water, 
peptides are present in a surface zone with solvated 
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polymer on one side and the bulk aqueous ph?s^ 
on ihc other (Fig. 6). This environment', should 
favor the conformational freedom of thc« synthe- 
sized peptides, and should not present i,ny sterk 
restrictions on the access of the ;reacting^rotein 
(e.g., antibody) to peptide. 

It is our experience that using the methods 
described, interactions between peptides and an- 
tibodies are more reliably detected than when the 
peptide is first adsorbed onto a plastic surface in 
preparation for a more* conventional ELISA. We 
suggest that it U unlikely that a very small peptide 
(say smaller than eight residues) could simulta- 
neously bind both to an antibody and non-cova- 
lendy to a plastic surface. The practice of ■ first 
coupling a peptide to a protein carrier, "an dahen 
using this conjugate to coat the plate m vrepaiv 
tion for an ELISA is approximately equiyalcptiio 
the peptide-polymer combination used here, In' a 
recently completed study of antigen-antibody in- 
teraction, good agreement between the various 
methods used for the detection of pepcide-anti- 
body interactions was obtained (Getzoff et al., 
1987; Geysen et al., 1987). Experiments in which 
the length of the linking molecule was varied* and 
in which linking molecules with varying degrees of 
hydrophilic and/or hydrophobic character were 
tried, showed that the test results could be repro- 
duced on alternative linking molecules (unpub- 
lished results). ' .^u,^'^ 

The possibility that synthetic peptides;. may? bo- 
used as vaccines is attractive, and has/'locusscii 
interest on gaining a better understanding. of the 
molecular basis for the immunogenicity of' pro- 
teins. In particular, attention has been directed at 
identifying relationships between measurable 
properties of a protein and its immunogenic sites 
(Beizofsky, 1985). Of the several relationships sug- 
gested, the majority require that the X-ray crystal- 
lography structure of the protein is known, which 
severely limits their usefulness. With the ready 
availability of protein sequences, the most widely 
used algorithm is based on the purported likeli- 
hood of finding a sequential epitope at the-'site of 
a local maximum in the hydrophilicity^pVorule 
(Kopp and W 0 ods ; 1981). More vecently^using : a 
more complete and systematically 1 obtained. data- 
base of the sequential epitopes Lor the rnociel 
protein antigen myohemerythxin, we have shown 
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that no statistically significant relationship based , 

on hydrophilicity could be demonstrated (Geysen ! 

et dL 1987). ; 

We now suggest that starting with the known ' 
amino acid sequence of a protein of interest, it is ; 
eminently more satisfactory to locate the sites \ 
corresponding to the sequential epitopes experi- ! 
mentally. In 10 working days we are able to i 
complete the synthesis of the total set of overlap- 
ping octapeptides corresponding to any protein of ] 
known sequence. Then, depending on the number \ 
of copies of this set synthesized, one or more sera • 
can be tested each day. In a relatively short time, [ 
this procedure generates a comprehensive picture ; 
of the location of sequential epitopes, and at the ' 
same time provides information as to the frequency ; 
with which each is recognized by individual mem- 
bers of a species. I 

In our laboratory, the identification of sequen- \ 

tial epitopes is usually followed by the synthesis of i 

a replacement set to determine the contact re- I 

sidues, i.e., those amino acids which are critical to ; 

the interaction of each peptide with the reacting i 

antibody population. Where peptides correspond- j 

ing to an epitope are to be evaluated for immuno- * 

genicity, the knowledge of precisely which re- . 

sidues are essential for the interaction with ami- j 

body becomes important and could limit the . 

methods used to conjugate the peptide to a carrier j 

molecule. For example, when the epitope is shown . 

to contain a lysine residue which is essential to the ; 

interaction with antibody, a conjugation method , 

which would link through the lysine side chain ; 
should be avoided. 

A further use of the replacement set of analogs I 
of a peptide epitope is that it allows a ready j 
comparison of the specificity for individual re- • 
sidues between antibodies raised against the in- 
tact, native protein and those raised against the j 
peptide imrmmogen (Geysen et al., 1985). i 

The recent X-ray crystallographic solution of 

several antigen- antibody complexes has raised i 

some questions about the validity of the concept j 

i^f sequential epitopes (Amit et al., 1986; Colman ! 

et al., 1987). The large surface area of antigen in ; 

contact with antibody, and the large number of i 

residues implicated for the lysozyme-Fab complex, ; 

16 and 17 residues for lysozyme and Fab respec- ; 

tively, do not at first glance appear consistent with i 
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our observation, using the scanning technique, 
that octapeptides arc tne longest peptides needed 
to detect all continuous epitopes. Furthern.cr^. 
using the replacement set procedure, we have ua 
observed any epitopes in which more than five 
residues were contact residues. r " : ' 

Amit et al. (1986) reported that binding was 
lost between the Fab and California quail lyso- 
zyme which differs from chicken iysozyme in only 
a .single residue (Q in changed to II) among those 
that are in contact with the antibody. This ob- 
servation was contrary to their expectations be- 
cause the space in the complex occupied by die 
glufamine was estimated to able to accomodate 
the hisudine. Furthermore, this histidme should 
have been able to form a hydrogen bond as did 
the glutamine in hen egg-white lysozyme. This 
alone suggests that a Urge majority of t he-bidding, 
energy is derived from the deep penetration of lh% 
hydrophobic cavity by the glutamine, ana by' the 
formation of the hydrogen bond in the, fleer of 
the cavity. A further observation was that, of the 
total of 16 residues of lysozyme which formed the 
interface in the complex, only four residues in- 
volved in hydrogen bonding contact were suffi- 
ciently close to antibody residues (^2.5 A) to 
contribute significantly to the overall binding en- 
ergy. 

Clearly, as a consequence of the way in which 
we identify them, the contact residues are those 
which contribute in a positive way to binding with 
antibody. We propose that the contact residues 
constitute the complete epitope. Residues* which: 
do not contribute significantly to the overalJ^biricl- 
ing energy will appear generally replaceable ffuihen- 
tested in ihe context of a eonformationally free 
peptide. In a native protein antigen, with its con- 
formational restraints, this replaceability may not 
apply. In thjs case the final binding conformation 
of the contact residues may be dependent on the 
properties of those residues adjacent in sequence 
or space. These near-neighbour residues may pre- 
clude the necessary molecular movements in the 
antigen from taking place, or sterically prevent the 
close approach of the antibody. In this way i t may 
appear (e.g., from comparison of' sequence 
variants) that near-neighbour but non-contact 're- 
sidues make a positive contributibn to 1 complex 
formation, when their effect is indirect. For exam- 



ple, a 'critical' near-neighbour residue may simply j 

permit a conformational alteration of the antigen J 

required for binding to that particular antibody. : 

The mimoiope procedure constitutes a radical j 

departure from established methods. It docs not j 
require any information about the structure of the 

antigen (or ligand in its broader application), ! 

merely a source of the antibody or receptor. , 

Delineation of the mimotope proceeds in an itera- j 

tive fashion with the possibility at each stage of j 

making choices which influence the nature of the j 

final molecules). If, instead of proceeding from , 

the optimum binding peptide at each stage, a near j 

optimum peptide which comprises residues with : 

specific characteristics is chosen, these chaTacteris- \ 

lies are maximized in the final mimotope. For ! 

example, in order to enhance resistance to proteo- ; 

lytic degradation, it may be advantageous to 'drive* [ 

the final mimotope to include the maximum num- ; 

her of d- optical isomers of amino acids while stUl j 

maintaining an adequate affinity for the antibody, j 

Alternatively the inclusion of several non-geneti- . 

cally coded amino acids may be advantageous. 1 

The relationship between the mimotope and the ■ 
epitope which gave rise to that anxibody is not yet 

clear. In a study with the Meg Bencc-Jones light- , 

chain dimer, Edraundon et al (1984, 1985) clearly j 

demonstrated that this immunoglobutin-iike cav- ^ 

ity was able to bind a diverse range of ligands. ■ ; 

These included a range of multi-ringed aromatic j 

dyes as well as several peptides of varied amino : 
acid composition. We have now determined 

mimotopes for the Meg light-chain dimer and the , 

solution of their structures, as bound in crystals of \ 

the dimer, is underway. These results will reveal j 

the precise location of the bound mimotopes in an i 

immunoglobulin- like binding cavity. Howeyer, the j 

precise relationship between a mimotope and the j 
actual epitope is likely to remain unknown except 

for those cases where mimotopes arc determined 1 

for antibodies for which the epitope has been j 

defined from the solution of the X-ray crystallo- j 
graphic structure of its complex with the antigen. 

Wc have described a method of peptide synthe- j 
sis which can be carried out by people with a 

limited knowledge of chemistry. The number of : 

peptides which can be synthesized concurrently ; 

and in a format which is directly testable by j 
ELISA, is significantly greater than by alternative 
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methods. The synthesis options outlined have been 
used to provide a greater understanding of the 
basis for immunogenicity and the nature of anti- 
gen-antibody binding. The mimotope straicgy has 
yet to identify peptides useful as synthc'.k vac- 
cines, however at this enrly stagc-we suggest th^i 
its greatest impact may be in the field of .iefioin« 
small : peptide mimics for a variety of peptide 
hormones. 
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Identification of Antigenic Epitopes in a Surface Protein 
Antigen of Streptococcus /nutans in Humans 
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The reactivities of antibodies in human serum and saliva to a cell surface protein antigen (PAc) of 
Streptococcus mutans und synthetic peptides covering the PAc mi>leculc were examined. Both an enzyme-linked 
immunosorbent as?ay (ftUSA) and Western blotting (Jmmunoblotting) showed that all the scrum samples 
from five adult subjects harboring serotype c S. mutant in their oral cavity reacted with recombinant PAc 
(rPAc). On the other hand, the serum from a 4- month-old infant did not react with rPAc in ELISA. The 
immunoglobulin A (IgA) antibodies in saIiva«sampick ; rV^m the five adult suhjects reacted with rPAc. However, 
in saliva sample* from these subjects, the ti tire oHgA antibody to rPAc did not correlate with the titers of 
serum antibody to the antigen. To, map continuous 'antigenic epitopes in the PAc molecule, we synthesized 1S3 
deeapeptides covering the entire mature PAc molecule, i21 overlapping decapeptides covering the alanine-rich 
repeating region (A- region) uf the PAc molecule, and 21 overlapping dtcapeplidcs covering the middle region 
(residues 824 to 853) according to multiple pin-coupled peptide synthesis technology. Of 153 decapeptides 
covering the mature PAc, 27 decapeptides showed a strong reaction with the antibodies in scrum from the adult 
subjects. The e pi tope-scanning patterns in the serum samples from these subjects were also very similar to 
each other. The antigenic epitope patterns in the saliva resembled those in the serum. However, the ELISA 
titers of salivary IgA antibodies to these decapeptides differed from the titers of the serum antibody. Of the 121 
overlapping decapeptides covering the A-region, 27 decapeptides showed a positive reaction with the antibodies 
in serum from the adult subjects. All of these 21 decapeptides had either one or two of the five common 
sequences YQAXL, NADaKA, VQKaN, NNAKN'A, and IKKRNA. Six decapeptides of the 21 overlapping 
decapeptides covering the middle region reacted strongly with the *crum antibodies from a ^ high PAc 
responder, and each of the six decapeptides had one of the two common sequences KVTKEKP and 
VKPTAPTK. These epitopes might therefore be relevant to the humoral responses against the PAc protein 
during natural infection with S, mutant in humar&. 
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Streptococcus mutans has been strongly implicated' as ojje'uf»< amino acids, resulting in a ]G6,S17-Da mature protein. Two 

the causative agents of dental caries and is frequently'isotared internal repealing amino acid sequences arc present in the 

from human dental plaque (16, 29). S. mutant. /possesses PAc; one repealing region (the A-region), located in the 

various cell surface antigenic substances. Among these anti- N-terminal region (Thr-219 tn Lys-464), is rich in alanine, 

gens, a 190-JtDa cell surface protein antigen that has bee a while The other (the P-region), located in the central region 

variously designated antigen [ill (42), B (45), IF (20). PI (12), (Thr-851 to Glu-967), is rich in proline. j 
SR (I), PAc (38, 39). and M$\A (10) was shown to be an The nucleotide sequencing of the pcif gene of S. mutans fob 

cf cctivc dental caries vaccine in monkeys (23, 46). The appli- i c d to the identification of functional domains and antigenic 

cation of moose monoclonal antibodies against the antigen to epitopes in the PAc molecule (9, 33-35, 40, 47). Wc previously 

tooth surfaces was demonstrated to Inhibit either the subse- showed that the intranasal immunization of BALB/c mice 

quern implantation of 5. mutans or the rccolonization by eicher W j [u a synthetic peptide corresponding to residues 3t)l 

indigenous mutans streptococci in monkeys and humans (27, T0 3 J9 oi lhe ?Ac protein, coupled to a cholera toxin B subun'ii, 

30). The surface protein antigen is considered to participate in or with recombinant PAc frPAc) and a free cholera toxiniB 

attachmeot of the streptococcal cell to acquired pellicles on $ubunit suppresses the colonization of murine tooth surfaces 

tooth surfaces (22, 26). The surface protein of S. mu!w snows , by $ mulans Moreover, epitope scanning with ami-rFAc 
a serological cross-reactivity with a 21 0-lcDa surface' P|6Wfeqi .^.^ tfrom vfiriouS strains of . micc and many decapeptides 

Streptococcus sobnnus named SpaA (18) ana PAg (j/^, 53 j, covCrm , lhe mature PAc molecule suggested that the murine 

' < complete midcotld 5 sequence of 'the ge£c ; for . ui< i mmunc re8p0 nsas to the peptides might" be either restricted or 

190-kDa protein antigen or 5. mutant : serotype c has already dnmijia[ed by the major histocompatibility complex class \U 

b fA« w"" 1 ^ 4 b . V T 7 er °^ £ ' ^' Thc Wf r c ^^ gene haplotvpes (40, 47). Therefore, in order to apply. the PAc 

of 4 695 bp and code, for a 170.773.Da protein (39). Tne gene * lfl ^ m utans vaccine to human beings, the iminujte 

proouct contains a putative signal peptide consisting of r8Bponi[M {0 ;hi* protein in humans need to be elucidated. 

However, little is still known about The immune responses jin 

■Corresponding author. Mailing addrcsK Dspa/imencof Pre-emlve human * to th f PAc P rote . in °J S / mumns \ . r .. J. 

Dentistry. Kvushu University Faculty of Dentistry, 3-M Maiduhl In *is study, we examined the reactivities ol antibodies lin 

frigashi-ku, Fukuoka S12. Japan. Phone: 81-92-Mi -i/lSl. Pw; 81-92- samples of serum and saliva from adult subjects harboring p. 

6*1-3770. mutans in their oral cavity with the PAc by both an enzymc- 
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ANTIGENIC EPITOPES OF A STREPTOCOCCI ANTIGEN 4035 



TABf.fi I- Amino acid sequences of 20-rner synthetic peptides 
containing antigenic epitopes of PAc 

Peptide Po-iiuon" Amino icid sequence" _ 

PAc(^V-tH) 06-1 14 LDOaaKDaKSaCVWVOuAC 

• PAc(331-349) 331-349 KATY?- AAVAANNAKNAAu/TC 

; Pac(513-531) 513-531 EPN AN LSLTTDGKFLK AS AC - 

. PAc(623-64l) 623*641 SIOVYKYTVDrKSKPQGQKC 

PAc(7(M-782) 764-732 PMSWYGAGAIKMSGPNNHVC 

PAcf82M42) &2<u8*2 AV^KvrKfiXQPTPPVTKjJTC 

Pac(33S-SS3) 855-853 PTPPVKPTAPTICPTYETEKC 

NA(*M-482) fl WPCK>IRGQCGSNPKP1£NTA 

" P^ition according to Qkaftuhi ct al. (39). 

* The sequences are ci v cn ii: onc-tcticr endi. A cysteine w$i placed at the C 
let minus of each of these cjtcc^i the last. 

" An irrelevant peptide derived from die atr.ijio acid sequence of Epsicin-Barr 
vinif nuclear antigen (2). 



linked immunosorbent assay (ELISA) and Western blotting 
' (immunoblotting). Furthermore, we synthesized 153 docapep- 
' tides covering the entire mature PAc molecule, 121 overlap- 
ping decapep tides covering the A-r^gion of ihc FAc, 1 arid 2'i 
overlapping decapeptides covering the middle jejgo n't a 
■ determined the reactivities of the .serum and saliyary.^ripnd- 
ics from the subjects with these dccapcpti'dcs to identify thu 
human continuous B-ccll epitopes in the PAc protein i, M 

MATEKIAUS AND METHODS 

Human seruro and saliva. Sera were obtained from 11 
healthy donors between 25 and 43 yeai'S old and from a 
4-month-old infant. Whole saliva was collected from five adult 
donors by paralnn stimulation in a chilled container and was 

' clarified by centrifugation at 12,000 X £ for JO min at 4'C The 

, human leukocyte antigen types of subjects A to E, respectively, 
were as follows: A1J, Aw33, B44, DRwfi(wl3), DRw8, DJftw52. 
DQwl; All, Aw33, B44, Cw7. DR2(wj.5), DRw6(wl3\ DRw52, 
DQw!(DQw5): A24, All, Bw52, B7, 07, DR1,- E>R2(wl5), 

, DOw((DCKv5, D06): A2. A31, Bw4S, Cw4, DR2(wi5):-DR9, 
. DRw53j DOwl(DOw6); and A24, A.V1, Bw61 , BypV C -si.. 
Cw3, DR1/DR9, DRw53. DQwl(DQw5), DOw9. Th^ayer^ 
number (mean i standard deviation) oFclccaycd,. missing; or 
filled teeth in the 11 adult subjects was* 11.0 : £' r 4&*The 

1 numbers of decayed, miss ins, or tilled teeth in subjects A to £ 

! were 3, 10, 9, 19, and 12, respectively. 

Isolation or mutiins streptococci, Swab samples, collected 
with a cotton applicator from the teeth or oral cavity, were 

. serially diluted with 0.15 M Nad and plated on a sucrose- 

. bacitracin-supplemented mitis-salivarius (MS-SB) agar (15). 
The MS-SB plates were incubated at 37 e C for 48 h. The 
colonies from each individual were purified by being streaked 
twice on the MS-SB agar and cultured in 5 ml of brain heart 
infusion (Difco Laboratories, Detroit, Mich.) broth at 37 C C for 
16 h. The identification of mulans streptococci and inc. .sero- 
ryping of these isolates were performed as described, by Hardie 
(17) and Masuda et at. (31), respectively. ^ „ , 

Antigen!*. S. mutans MT8148 (serotype c) was grow a at 37°C 

• lor 18 h in a diffusa tc medium of brain heart infuMbn-brtoh. 
flu cells were harvested by ce-niri legation, washed three tirn&s 
with distilled water, and lyophilized. vPAc'was puiincd'irom 
the culture supernatant* of tranaformant 5'. mutans TKltf by 
ammonium sulfate precipitation and chromatography on 
DEAE-cclluJose (22). Seven 20-rner peptides corresponding to 
pans of the amino acid sequence of the PAc (39) and an 
irrelevant 19-mer peptide, NA(464~4S2), derived from the 
amino acid sequence of Epstein- Barr virus nuclear antigen (2) 



were synthesized by the solid-phase procedure (32) and ptiri- 
fied by high-performance liquid chromatography (Table I). A 
cysteine was placed at the carboxyl teTminus of all 20-mcr 
synthetic peptides. The purity of the peptides was assessed by 
high-performance liquid chromatography and amino acid anal- 

' ysis } 

£LISA. For the ELISA, 96-well microliter plates (Sumitomo 
Bakdite. Tokyo, Japan) were coated with 10Q p.1 of whole cells 
of S. mutant MT8148 (100 m/ml), rPAc (10 u,g/rnl) : or peptide 
(1 y.g/ml) in 50 mM carbonate-bicarbonate buffer (pH 9.6). 
After overnight incubation at 4°Cj the plates were washed with 
phosphats-buffered saline (PBS) containing 0.1% (volAol) 
Tween 20 (PBST) and blocked with PBST containing ;5% 
(wt/vol) skim miLlc. After the plates were washed three times 
with PBST, twofold serial dilutions of human serum or saliva 
were added (100 u.l per well) and the wells were incubated] for 
1 h. at 37 a C. The bound antibodies were detected with either 
alkaline phosphatasc-conjugalcd goat an li -human immuno- 
globulin A (TgA(a)l (Organon Teknica, Malvern, Pa.), anti- 
human IgM(pr) (Zymcd Laboratories, South San Francisco, 
Calif.), anti-human lgG(v) (Zymed), or anti-human TgG 
(heavy and light chains) (Zymcd) serum followed by; the 

' addition of a p-niirophtnylphosphate substrate solution (1 
mg/ml). After 1 h of incubation at 37°C with the substrate*; the 
Aaus was measured with a microplate reader (MPR A4; Tosoh, 
Tokyo, Japan). The EU$A antibody titer was expre$:sed as? the 
log 2 of the reciprocal of the highest dilution giving anX^y, of 
0.1 above the conjugate control (no sample added) alter 1 ft of 
incubation with the iubstraie (48). To determine the amfiunt 
of Igs specific for whole cells of 5. mutans or rPAcjthe 
calibration curves for IgA, IgM, and TgG were made. In brief, 
96-well microtiter phucs were coated with J. (j.3 of either gnat 
anti-human IsA(a) (Organon), anti-human IcM(p.) (Or- 
ganon), or anti-human IgG(*y) (Zymed) serum- /Mcer blocldog 
with $% (wt'Vol) skim milk, twofold serial dilutions of 1 p.g of 
afinity-purificd human IgA. IgM, or IgG (Chemicon Interna- 
tional Inc., Temecula, Calif.) per ml were added. The bound 
igs were detected as described above. The calibration curves 
were obtained by using the equation of log-logit transforma- 
tion, and the interpolations of the data for the serum and saliva 
sum pies were fitted to the linear portion of the curve with a 
correlation coefficient of higher than 96% (41). In the inhibi- 
tion assay of the binding of human serum antibodies to rPAc, 
the ELTSA plates were coated with rPAe (1 |xg per well). A 
i/100 dilution of the serum from subject A was allowed to react 
with various concentrations of synthetic peptides or rPAc 
overnight at room temperature. The reaction mixtures were 
added tc rPAc-coated wells (100 uJ/ml), and then the plates 
were incubated for 1 h at 37 fl C. The bound antibodies were 
detected with alkaline phosphatase-conjugated goat amijhu- 
man IgC (heavy and light chains) scrum, followed by I the 
addition of the substrate. The percent inhibition of ELISA^was 
calculated by the following formula: 100 X [(/l 4(w of buijnan 
serum) - (A^ of human serum plus peptide or rPAc)]/^^ 
6f human serum). | 

.Western blotting, Concentrated culture supernatant* and 
cell extracts of S. mutans MT8148 were prepared as described 
by Ohta et al. (36). 5. muians MT814S was grown ot 37 C C for 
J.8 h in a diifusaie medium of brain heart infusion broth. JThc 
cell-free culture supernatant was collected by centrifugation at 
10 : 000 x g for 20 min at 4 3 C. Extracellular proteins were 
precipitated from the culture supernatant by addition of splid 
ammonium sulfate to 60% saturation. The precipitate was 
collected by centrifugation, dissolved in distilled water, jdia- 
lyzed against distilled water, and lyophilized. The dried culture 
supernatant, rPAc, and whole ceJJs (50 mg [dry weight] per.ml) 
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■wore suspended separately in a solution containing 6 M ure;\. 

,10 mM Tfis hydrochloride (pH 6.8), 1% (wt/voJ; sodium 

'dodecyl sulfate (SOS), and \% (vol/vol) 2-mcreaptocihanol 
and heated at 100°C for 3 min. The cell extract was ihen 
clarified by cencrifugation. SDS-polyucrylumidc slab gels were 
prepared as described by LaemnMi (2*). The culture superna- 
tant (10 m>£ ot protein), rPAc (2 ng of protein), ..uno ■thc.'.-ell 
extract (2.5 fil) were clectrophorosed ot 30 nA psr.^lfor^O 
mm with a 7.5% (M/vol) resolving and a 3% (wtAolJV.iacking 
gel (90 by 8U hy'l mm) containing O.V% (wt/voty'SDS "and 
transferred CO a oirrocefjuln.se sheet by the Wcstep blotting 
technique (5). Myosin (212 IcDa). cx-maerodobulm (J 70 JcDa), 
3-gnlactosidasc (116 kDa). transferrin (76kD;i), and glutamic 
dehydrogenase (53 kDa) were n$ed as molecular maw mark- 
ers. Nonspecific binding to the blots was blocked by incubation 
for 1 h at 20*C in TBS (20 mM Tris hydrochloride (pH 7,5]., 500 
mM NaCl) with 3% (wt/vol) gelarin. The hlols were washed 
twice with TBST (TBS *ith 0.05% [vol/vol] Twccn 20) and 
then incubated with human sera (1:20 in TBS-1% |wc/vol] 
gslnl in) ar 4*C overnight Alter the blots were washed twice ■ 
with TBST, they were incubated with goal ami-human IgG 
(heavy and light chains) con) united to horseradish peroxidase 
(Nordic Immunological Lab oratories, Tilburg, Tli:; Nether 
lands). The blocs were washed twice with TBST and once with 
TBS, and then substrate (S^'-diaminobenzidinc-hydi'^'en pe^ 
oxide) was added. '\ ' • 

Epitope scanning. A get of 153 decapepiitJes serially cnvciv 

, ing the complete amino acid .sequence of mature n 
set of 121 overlapping d ecu pep I ides covering the A-region of 
the PAc molecule (residues 210 to 468), and a set of 21 
overlapping deeapeptides covering the middle region of the 
PAc molecule (residues «S2^ to 85 J ) were synthesized with yn 
epitope scanning kit (Chiron Mimotopcs, Clayton, Australia) 
us reported by Gcysen ct al. (13). The reactivities o[ peptides 
coupled to multiple pins with human saliva (1:10 dilution) and 
sera (1:800 or 1:1,600 dilution) were determined by ELISA 
according to the instructions of the manufacturer. The hound 
antibodies were detected with cither alkaline phosphatr.se- 
conjugatcd goal anti-human (gA(a) or anti-human IgG (heavy 
and light chain.s) serum. The data were expressed «is Uw A^. 
after \ h of incubation with the sulwtritle. 

RESULTS - , ; ■ \ : 

Human nntibudy responses to 5. mulans antigens. 'Antibod- 
ies to whole cells of S. mutatis and rPAc in human serum 
samples were quantified by ELTSA with class-specific Igs us 
references. The mean concentrations of IgG, 1&A, and 1%M 
antibodies to whole cells of S. mutant in the serum samples 
from Jl adults were 91.0 p-s/ml (ranging from J 3.4 to 372.0 
fjLg/ml), 25.4 jig/ml (ranging from 3.5 to 115.0 j^g/ml) and 10.2 
H-g/ml (ranging from 1.8 to 25.0 u,g/ml). respectively. The 
concentrations" ol' scrum IgG, IgA. and IgM antibodies to 
whole cells of 5. mutant in a 4-momK-old infant were 0.07, 
0.02, and 0.02 jj,g/ml t respectively. The mean concentrations of 
scrum \%Q. igA. and IgM antibodies to tPAc were f^r.d 
(ranging from 1.0 to 57.3 M-g/ml), 6.3 u-g/ml (ranging 'from 0;C> 
to 24.6 u.g/ml) and 1.1 u-^ml (ranging fiom 0.2 lo 4.1 ^&Jmi\' 
respectively. The concentrations of the serum TgO, ,tgA. and 
IgM anLibodie* to rPAc in (he infant were 0.04. 0.02, snd 0.01 
u-g/ml, respectively. Total lg concentrations in the sera from I T 
adults averaged 14.t> ± 1.7 mg/ml (mean if standard' devia- 
tion), and the concentration in the infants serum was 11.7 
mg/ml. There was also u close ccrrehilion between the concen- 
trations of serum class-specific antibodies to whole cells of S. 
nut urns and tho.se of antibodies to vPAc. The correlation 
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FJG. I. Western blot np:Uy^i\ ol'hoth the cell exiruets (lines I) and 
the etiUurc supernatant* (Janes 2) of .V. wutani MTS14M anil rPAc 
(In no; .1). The whole cells were suspended in 8 M urc.vl% SD8-i% 
2-incrCiiptocthHnol find lieu ted al iOCC for 3 min. The cell eslru.cls 
were clarified by ccmrifugntion. The culiurc ^upcrnahmts «*crc then 
ciinecniruLcd hy ftmn ionium si Untie procipi ration. rPAc whs purified 
I'rnm the culture supernatant* of traiwformain i'. muffins TKIS jby 
jinimonium sulfate precipilDii(»n and chromatography on DEA£- 
celh»loi!(5. Tncie anrigeny were clcctruphorescd on SDS-pulyaei|yl- 
mnide slab gets aort 'crnn^ferreit onto » nitrocellulivc ^hect hy ,an 
el ^cir up ho relic binning procediios, The immobilized unrificns wire 
fiUowcd to rcict with the scr:i (1:30) from five adult subjects (A Ui P.). 
The;;\nlibndicJ! which hound 10 Che muifiepj? were dctccrcd by vo lid- 
phase immunoassay with hurae radish peroxidase -conjugated goal aiiti- 
Uu train IgG (heavy and light cluiinV). ] 



cocHkienls ot the IgG, I&A, and IgM nntiljody data were 0.9$ t, 
0.828, and 0.83S, respectively. ! 

On the basis of the tilers of serum TgG Antibody to rPAc. two 
high responded (subjects A and B), two medium rwpondtrs 
(subjects C and 6). »nd one low responder (>uhject E) were 
ehOa'iin 1'roin among the 11 adults. The reactiviues of the sera 
from these subject* with cell extract and culture supemauots 
of S. mutuns and with rPAc w^rc then analysed by Western 
blot line vvirh horseradish peroxidrwe-ennju gated goat arjti- 
Imman'lsG (heivy and light chains) serum. The human scriim 
iiritibodies reacted strongly with J 90-, 70-, nnd 65-kDa antigens 
of 5 miitons (Fig, L). The reactivities of these sent with ilie 
J^O-kDa PAc "in Western blotting corresponded to those I in 
ELISA (Fig. 2 A). The titers of IgA antibody in saliva sampjes 
from ihsse five subjects to rPAc did not correlate with rtic 
serum antibody responses to the prole in antigen (Fig. 7.3). | 

We examined whether these subjects were naturally infected 
with mutans .streptococci. S. ntutans wan isolated from the 
samples of dental plaque from a II the ;idult subjects, and nil the 
i". mntans strains isolated in this study possessed the serotype 
c antigen described by Brauhall (4). Moreover, serotype g|.V. 
sobrinus as well as serotype c S. mutans was isolated from tjte 
dejiwl plaque sample of subject D. Neither & mutans norjS. 
sobrinus was recovered from the oral cavity of the 4-month-d^ 
infant. ; t 

Epitope scanning of the PAc molecule, To ctorify the anti- 
genic epitopes in the PAc molecule, we synthesized a /set of 1(53 
decapepiide<; covering the complete amino acid sequence .of 
the niaturc PAc and used these decupeptide* in the op i tope- 
scanning atiitlysis. Figure 3 shows the epitope-Fcannjng pat- 
tenis with scrum samples from five adult donors infected 
naturally with serotype c o". mutuns and from an infant Serum 
(1:800 dilution) from subject A reaetcd with many docapep- 
lides and showed positive reactions iA a ^ > 1-0) with the p 
decapeptides corresponding mostly to the N-tcrminal and the 
middle regions of the PAc (Fig. 3A). In particular, the scrum 
gave positive reactions with rive, deca peptide* corresponding.™ 
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Reciprocal dilulian (lo%) Reciprocal dilution (lo$) j 

FIG. 2, Reactivities of rPAc with antibodies in serum (A) and saliva fti) samples [rum five adult subjects (•, subjtcr A; O. subject B; subject 
C: Q. subject D; A. subject E) and a d-month-old infant (a). rPAc from tronsfbrrnant .17. mutans 1X18 was used as a coating antigen. Twofold s$nal 
dilutions of scrum arid saliva samples were assayed in triplicate by ELI 5 A. The aticibcdics in the scrum and saliva samples *ere detected with 
allwlinc phosphatase -conjugat-id goat anti-human TgG (heavy und light chains) and alkaline phosphamsc-conjugatcd goat anti-human IgA(tt). 
respectively. The d.va arc expressed its means for (riplicnrc assays. i 



■ 'the A-region of the PAc (residues 269' to 278, 2iS9 to 296; IV. • 
to 328, 339 to 348, and 399 to 408) and four deripspude* 
corresponding to the middle region (residues 809 to ,818, 819 to 
'828. 829 to 833, and 839 to S48). The epuopc-scannin^ patterns 
in the scrum samples from the other four nduU donors were 
■similai to the pattern in the .serum sample from subject A, and 
'the EJJSA liters in the epitope scanning corresponded to the 
| serum antibody titers to rPAc (Fig. 2A and 3). The serum from 
"a 4-month-old infant hardly reacted with any decapeptides. 
Figure 4 shows the results of epitope scanning with the saliva 
samples (1:10 dilution) from five adult donors. The epitope- 
scanning patterns in the saliva samples from five adult donor* 
were similar to those in serum samples from the same donors, 
that is, salivary antibodies reacted strongly w 'th the decapep- 
tides that the serum antibodies gave positive reactions to but 
reacted weakly with the decapepiides that the scrum antibod- 
ies gave a negative reaction to. However, the EUSA; titers pi 
.saliva antibodies to these decapeptides did not coVrsspo'ud tp 
the ELISA titers of serum antibodies to them. For -example, IK 
; thc serum from subject A the ELISA titc^ of the antibodies to 
•the dec a peptides were generally high while in the saliva of the 
.same subject the tiLen of the antibodies to them were low. 
Antibodies in the saliva sample (1:10 dilution) from subject A 
showed strong reactions (4. 105 > 1.0) with the 14 decapeptides 
(residues 999 to 1008, 1059 to 1063, 1079 to 1088, 1129 to 1138, 
,1199 to 1208, 1249 to 1258, 1259 to 1268, UB9 co 1298, 1299 to 
1308, 1329 to 1338, 1409 to 141.8, 1439 to 1448, 1459 to 1*68, 
and 1556 to 1565) corresponding to the C-tcrminai region of 
the PAc, while antibodies in the saliva sample reacted weakly 
with decapepiides corresponding to the N- terminal and the 
middie regions of the PAc (Fig. 4A). On the other hand, in the 
saliva from subject E the £1.1$ A titers of the antibodies rothe 
deeapep tides were generally high even though the a'ntiboHies 
in serum from the same subject reacted weakly wit,h s the:n. • 1 ■ 

Epitope scanning of the A-region and the middle region. Ai 
'noted above, the epitope scanning of the PAc with lui man. sera 
suggested that antigenic epitopes exist in the A-region.and'thc 
middle region. Therefore, we synthesized a scries- Of 121 
overlapping decapeptides covering the A-reoion and a series of 
.21 overlapping decapepiides covering the middle region (res- 
idues 824 to 853) to determine the con tin uo vis antigenic 



1 cpi copes in the regions. The serum (1:800 dilution) from 
subject A showed positive reactions IA A0 $ > 1.0) with' 27 
decapepiides of the 121 overlapping decapepiides covecingjtbe 
A-region (Fig. 5). Among the five decapeptides in the A-rcgiun 
with whjcb the serum showed positive reactions in the epitope 
scanning of the PAc, four decapeptides were recognized as 
antigenic epitopes in the epitope scanning of the A-region. 
Although residues 269 to 278 were not identified asj an 
antigenic epitope in the epitope scanning of the A-region. in 
the serum from subject A the ELISA titer of antibody toiiha 
decapeptide was relatively high (A^ = 0.74) (Fig. 5A). AlJJthe 
decapepiides thai showed positive reactions with human dcra 
had either one or two of the five common sequences YQAjKL, 
NADAKA VQKAN, NNAKNA. and IKKRNA, where X is 
Asp, Glu, Lya, or Ala, suggesting thul the antigenicity of j the 

' A-rcgion might be determined by a few sequential Bjcell 

; epitopes. The epitope-scanmng patterns with sera from other 
fouv adult donors and overlapping decapep tides corresponding 
to the A-rcgion were .similar to the pattern with the serum 
from subject A (Fig. 5). The serum from an infant did not react 
with any of the overlapping decapeptides corresponding lojthe 
A-rcgion. The serum (1:1,600 dilution) from subject A reacted 
strongly f/Ua > 0.4) with the 6 decapeptides of the; 21 
overlapping decapeptides covering the middle region of !the 
PAc molecule (residues 824 to 853) (Fig. 6). These 6 decapep- 
tides had one of the two common sequences KVTKEKP and 
VKPTAPTK. J 

Reactivity of human serum with purified 2(>-mer peptides. 
On the basis of the data in the epitope scanning of the PAc j we 
synthesized seven 20-mer peptides containing antigenic 
epitopes. All of the serum samples from five adult donors 

. reacted with all the 20-mcr peptides coated on the ELISA 
plates (Fig. 7). The serum from a 4-month-otd infant didinoc 

■ react with anv 20-mer peptides. To examine whether I the 
aniigenic activities of these peptides differ when they are tested 
as free peptides in solution or adsorbed to a layer of plastic; we 
used the inhibition assay for the binding of antibodies to rP|*c. 
rPAc, PAc(9tf-J14), PAc(331-349), PAcf5l3-531), PAc(623- 
641), PAe($24-842), and PAc(S35-853) at 400 u,g/mi resulted 
in 92,d% ± 3.6%, 23.6% a: 5-6%, 10.3% = 2.0%, 23,3^ r 
Vj% 23.17* ± 0-9%, 31.8% £ 3.5%, and 19.7% ± 2.p 
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' PIG. 3. ttcactivirics of human wra from five adult subjects (A to £) 
and a 4-mnnih-old inlant (F) with 153 decapeptides covering the 
complete amino acid sequence of the mature Pac The reactivities of 
the peptides with human sera (1:800 dilution) were determined by 
EUSA as described in Material* and Methods, The bound antibodies 
were deiectee with alkaline phosphiitase-conju gated goat anii-hiini'nO 
Ii;G (heavy and light chains). The data shu^n -ire means of aftftf 
of. incubation with the- substrate for six assays. The proposed model 
of PAc is shown at the top. The residue number corresponds j,to (be 
position of the ami no-Mrminal residue of the indicated peptide in the 
PAc sequence (39). 



; (mean r standard deviation) inhibition, respectively, for the 

i binding of antibodies to rPAc. However, PAc(764-782) and an 
' irrelevant peptide, NA{464-482). at 400 u.g/ml had no inhibi- 

' tory effect. The discrepancy in PAc(764-782) might be ascribed 
to the aggregation of the peptide in solution or to the 
difference in conformation between the solid phase and the 

' solution. 

DISCUSSION 

Using a complete set of decapeptides covering the mature 
PAc molecule, Takahaihi ct al. (47) mapped the antigenic 'sires' 
of the protein antigen molecule in various .strains ot n-acej Tr.r.y 
showed that the antigenic epitopes arc scattered through ou't 
■ iDe molecule and aLso'lhai the antigenic epitope patters d;;Ter 
in mice with different 112 haplotypes. To identify continuous 
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FIG. 4. Reactivities of human saliva from five adult subjects (A to 
E) with 153 decapeptides covering the complete amioo acid sequence 
of the mature PAc. The reactivities of the peptides with human saliva 
(1:10 dilution) were determined by EUSA as described in Materials 
and Methods. The bound antibodies were detected with alkaline 
phosphatase-conjugaied goac anti-human I«A(ct). The data shown |arc 
means ofy^s after 1 h of incubation with the substrate for six assays. 
The residue number corresponds to the position of the arnino-tcrrnjnal 
residue of the indicated peptide in the PAe sequence (39). 



antigenic epitopes in humans, we synthesized 153 decapepticles 
covering the mature Pac, 121 overlapping decapeptides cov- 
ering the A-rcgion of the PAc, and 21 overlapping decapep- 
tides covering the middle region (residues 824 to 853) accord- 
ing to the multiple pin-coupled peptide technology. The 
aatlgenic epitope patterns that were determined by using these 
decapeptides and samples of serum and saliva from human 
subjects harboring S. mutans in their oral cavity differed 
considerably from those in mice. Despite the difference of the 
HLA type among these subjects, the epitope patterns] in 
humans were similar to each other. 
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FJG. 5, Reactivities of human sera fram five adult subjects (a to E) 
and a 4-month -old infant (F) with 121 overlapping decapepiidcs 
cijvttrimi the A- region of tht* PAc protein. The reactivities of the 
peptides with. human sera (1:800 dilution) we;*e determined by ELISA 
'as described in Materials and Methods. The bound antty'pdics were 
delceied with alkaline phosphatase- conjugated goat an ti -human' 1%G 
•(hep.vy and light chains). The data shown are means oM^saf^rl h 
ohncubation with the substrate for three assays. The residue number 
corrcsponds to the position of rhe amino* terminal residUe'Sof '!he 
'indicated peptides in the PAc sequence (39). . »^ ftf . 



In this study. 27 decopcplidcs of the 121 overlapping deca- 
peptides covering the A-region showed positive reactions with 
human sera. All of these 27 decapeptides had one or two of five 
common sequences consisting of 4 to 6 residues, suggesting 
that the antigenicity of the A-region might be determined by a 
small number of B-cell epitopes. It is, however, difficult to rule 
otu the presence to other B-cell epitopes, because only a 
limited number out of all possible epitopes were sampled in 
this study. ' v .» 

The PAc protein of S. murans binds to hu mac.. salivary- 
•agglutinin (3, 10. 43). The binding of the ceil surface. antigen "lb 
salivary agglutinin is considered to play important role in 
the in vivo colonization of agglutinin -coated tooth surfaces by 
5". mutens (22. 26). Recently, several investigator/^; haye re- 
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FIG. 6. Reactivities of human serum from subject A with; 21 
overlapping decapeptides covering the middle region of the fAc 
protein (residues $24 to 853). The react ivi Lies of the peptides »-ich 
human sera (1:1,600 dilution) were determined by EUSA ^^ described 
m Materials and Methods. The bound antibodies were detected hzh 
alkaline phosp haras e-conju gated goat anti-human TgG (heavy and ljght 
chains^. The data sluwn are means of A < os s after 1 h of incubation u'ith 
th;: $ubsLrale for three tSMys. The residue number corresponds tO|the 
position of the amino- terminal residue of the indicated prpu'des in|ihe 
Pac sequence (39). I 



ported that a salivary' agglutinin -bin ding domain exists in jthe 
A-rcgion of the PAc (Pi, SR) of S. mutans (9, 33, 35). 
Furthermore, it has been suggested that the A-region of 'the 
streptococcal cell surface antigen has antigenic and immuno- 
genic epitopes in mice and rabbits (33, 40, 48). Takahashi et al. 



I 
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FIG. 7. Serum antibody responses lo 20-mer synthetic peptidejs in 
five adult subjects subject A; ©, subject B; subject. C: subject 
D; Q, subject B) and a ^-month-old infant (Q). The binding of .'the 
antibodies to synthetic peptides was detected by BUS A using alMinc 
phosphatase-con/ugatsd goat anti-human IgG (heavy and light chains). 
Tht data shcjvn are mean* ± standard deviations of the log> ELISA 
antibody titers for triplicate assays. All experiments *crc performed 
three times, and similar results were obtained m each experiment! 
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(48) reported that the peptide ANAANEADYOAKLTAY 
,QT£, corresponding to residues 301 to 319 of the PAc protein 
: [PAc(3Ul-3J,9)], reacts with murine aniisera to the PAc pro- 
tein and induces protective immune responses in BALB/c 
mice. The peptide PAc(301-319) has one (YQAKL) of five 
ami/30 acid sequences common among A-region-corresponrt- 
ing decapepiides that showed positive reactions with sera from 
hum it n subjects harhoring S. • mutans in their oral cavity. 
■Okahashi et al. (40) have identified antigenic epitopes in the 
A-rcgion using antisera to rPAc from BALB/c. BID, B10.D2 
and B IO.DR mice and overlapping decapeptidea covering the 
second repetitive unit of the A-rcgion. They found that the 
peptide YEAALKQY (residues 366 to 373) is recognised' by 
anti-r'PAc sera from all Of four strains of mice. In this'study. the 
peptide KATYEAALKQ (residues 363 :o 372) showed . a 
positive reaction with human sera. Recently, Molsset el al. (33) 
have synthesized the peptide TELARVQKANADAKAAY 
•(peptide 2), corresponding to the first repetitive wAl-vi the 
A-region of the SR protein of serotype f S. mutans. Peptide 2 
had two sequences, VQKAN and NADAKA, of the five 
.antigenic common epitopes identified in this study. They 
'demonstrated that peptide 2 reacts with anti-SR rabbit IgG 
: and thai the subcutaneous immunisation of rabbirs with the 
pepiide conjugated to ovalbumin induces antibodies reactive 
with the peptide and SR protein. In addition, they showed that 
; peptide 2 is able to inhibit the binding of human salivary 
glycoproteins lo the SR protein. Taken together, these results 
suggest that the A-region of the PAc protein is a -potentially 
important antigenic and functional domain- 

PAc (I/II) of 5. mutant is. known to serologically cioss-react 
with SpaA (PAg) of S. sobrinus (1$, 42, 45, -9). The homology 
between the wo protein antigens is 66% (25. 51)." The - se 1 
quences YBAKL and NAOAKA, which 'are similar to -the 
antigenic common amino acid sequences in thcA-rcgiorr of 
'PAc. are present in the amino acid sequence of the ?A^ ; (51). 
.Recently, Okahashi et al (40) demonstrated lliat residues 362 
'to 373 of the PAc protein And residues 365 to 376 of the PAg 
protein are one of the cross-reactive epitopes of both protein 
antigens in BALB/c mice, in this study, residues 363 to 372 of 
ithe PAc were identified as an antigenic epitope in humans. In 
■ addition, a saliva-binding protein (SSP-5) of Streptococcus 
sanguis, which is isolated most frequently among oral strepto- 
cocci from human tooth surfaces, 'has a 59% homology with 
PAc ol : -S. mutant t and the structure of the protein is very 
similar to that of PAc (31). The sequences NADAKA, VQ 
•KAN, and NNaKNA exist in the amino acid sequence o!\tlie 
SSP-5 (11). Amino acid sequence homology research "(National 
Biomedical Research Foundation-Protein Data* Base, Wash- 
ington, D.C.) showed that the antigenic corruno ^sequences 
YQAEL, YQADL, VQKAN, NADAKA, NNAKNA/afed 
IKKRNA in antigenic epitopes in the A-region off Ac (I/II) 
exist in the amino acid sequences of 9, 7, 2/32, 0, hid 3 oiher 
■proteins, respectively. It is possible that some of the antibodies 
to antigenic epitopes in the PAc might result from either 
cross-reactions or epitopes shared wuh other proteins if hu- 
mans are exposed to them (50). 

In the epitope scanning of the PAc protein with human 
saliva and serum samples, the reactivities against four decapep- 
tidea corresponding to the middle region of the PAc (residues 
.809 to S4S) were as great as the reactivities against decapep- 
iides corresponding to the A-region (Fig. 3 and 4). In addition, 
( the reactivities of two 20-mcr peptides, PAc(824-842) and 
PAc(83S-353) l with serum antibodies were greater than those 
ol other 20-mer peptides (Fig. 7). Therefore, wc syuth-=si2ca"2i 
overlapping decapeptides covering the middle region (residues 
824 to 853). Of the 21 decapepiides, 6 decapeptide* reacted 
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strongly with serum antibodies from subject A. Each of the|six 
decapeptides had one of the two common sequences KyT 
KEKP ar>d VKPTAPTK. The sequence KVTKEKP is present 
in PAg 6f S. sobr'mus (residues 833 to 839) (51). In addition, 
residues 809 to 6a9 of the PAc adjacent to the P-region 
(residues 851 to 967) are identical to residues 313 to 643 of jhe 
PAg (39, 51). These findings suggest thai the middle region 
adjacent to the P-region may be" one of the immunologically 
cross-reactive domains of the 5. mutant PAc protein and the 5. 
sobrinus PAg protein, j 

Western blotting analysis with human sera demonstrated 
that the PAc protein of S. mutans was immunodominant! in 
humans, in agreement with the results of other investigators^, 
44. 50). It has been reported that serum IgG antibodies to the 
immunodominant antigen I/II (PAc) are significantly greater in 
subjects with an experience of'low caries than in subjects with 
high caries, thus suggesting that naturally induced serum J^O 
antibodies to the PAc arc associated with protection against 
dental caries (7). Moreover, Challacombe (6) showed that 
there is an inverse relationship between the serum IgG ahuV 
bodies to 5. mutans and salivary IgA antibodies, and change^ in 
the salivary antibody titer are negatively correlated with 
changes in the serum IgG antibody liter. These findings were 
also confirmed by the present study. Titers of salivary TgAt to 
rPAc and synthetic peptides were not correlated with titers: of 
serum antibody to them in this study. The inverse relationship 
between the serum IgG antibodies to .9. mutans antigens and 
salivary IgA antibodies is therefore considered to be worthy of 
future study. | 
> It has been thought that hydrophobic amino acids lend U> be 
buried within the native structure of globular proteins, while 
tr/drophilic side chains are on the exterior where they bn 
interact with water (52). Hopp and Woods (19) showed that 
most hydrophilic segments Of a protein tend to correspond to 
continuous antigenic epitopes. In this study, we predicted jche 
hydrophilicity of the PAc molecule according to the procedure 
of Kyte and Doolittlc (23). All the decapepiides dint showed 
positive reactions with human sera had hydrophilic segments, 
but the chi-square statistical analysis showed that there was no 
correlation between antigenicity and hydrophilicity. Geyser) et 
al. (14) also reported that there is little correlation between 
antigenicity and hydrophilicity in a myohemerytUrin protein. 
Moreover, wc predicted the secondary structure of the PAc 
molecule according to the procedure of Chou and Fasman (8). 
All the antigenic epitopes in the C-terminal three-fourths; of 
the PAc protein contained beta-turn populations, but only 
three antigenic epitopes in the N-terminal quarter, which Vas 
predicted to be totally alpha-bejical (39), contained beta-lyrn 
populations. These results suggest that antigenic epitopes may 
be located in the alpha-helixes at the surface of the protein as 
well as in the beta-turn populations. ; 

In conclusion, we identified the continuous antigenic 
epitopes in the PAc molecule using 295 decapeptides and 
.seven 20-mer synthetic peptides and human sera and saliva 
from subjects infected naturally with 5*. mutans. The identifi- 
cation of these immunodominant antigenic epitopes is consid- 
ered to be a first step in the development cither of specific 
diagnostic tests or of a vaccine against human dental caries. 
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The T-cell and antibody responses lo a coll surface streptococcal antigen (SA T/1I) were investigated in J 

naturally sensitized humans. Serum antibody responses were directed predominantly to the N- terminal j 
(residue* 39 to 481) mid central (residues 816 to 1213} regions of SA I/II which may he involved in bacterial 

adhesion to salivary receptors. T-cell responses were also directed predominantly towards the central region. ! 

The linear peptide relationship of I he immunodominant and minor T- and H-cell as well as adhesion epitopes ! 

whs mapped mthin residues 81(J to 12L3, Immunodominant T-cell and B-cell epitopes were identified within ! 

residues 803 to 853, wbicJ) vvcre separated in linear sequence from the adhesion epitopes (residues 1005 to ■ 
1044). Adhesion epitopes overlapped with minor B- and T-cell epitopes (residues 1005 to 1054 and lOftS to 
* 134) , An immunodominant promiscuous T-cell epitope (residues 985 to 1004) was adjacent to an adhesion 

epitope (residues 1005 to 1024). The limited b-cell response to adhesion epitopes is consistent with the success ! 
of Streptococcus mutans in colonizing the oral caviiy. The strategy of T-cell, adhesion, and B-cell epitope 
mapping has revealed a general approach' irV iu^ttfviri* components of subunit vaccines which may focus 

responses to critical functional dele rmi iaa ts. I>u:h epitopes of SA I'll may constitute the components of a \ 
summit vaccine against dental caries. 1 



Active immunisation with whole cells of Streptococcus mit- 
tens prevents colonization of the tooth surface by this micro- 

■ organism and the development of dental caries in animal ;nod- 

. els (4, 25 : 35, 51). Similar protection against caries is induced 
in nonhuman primates by systemic immunization with a cell 

' surface protein with an M v of 135,000 (27), variously termed 
Streptococcal antigen I/II fSA I/II) (42. 43). antigen B (45), Pi 
(15), or PAc (39). Immunization with SA l/!l" elicits serum 

, immunoglobulin G (IgG), IgA, and IgM antibodies as well as 
CD4" 1 ' T-cell proliferative responses (22. 23). Passive systemic 
immunisation with the IgG class of antibodies raised aga'iiL?:..?..^. 
muians also prevents caries in oonhuman primate* (2S-)ij;ndi- 'f: 
eating a role for serum antibodies in protection.'. Stir )g;b*r ' 
passes to gingival fluid and thus has dtrecMacccss:'to : .tI)e.;ooth f 
surface (6, 49). The importance of antibody in protection was 
further demonstrated by topical application to the loath str- 
face of monoclonal antibodies (MAbs), raised against SA I/II. 
which prevented colonization *vitji S. mutans and the develop- 
ment of caries in nonhuman primate.? (24), In humans, the 
same procedure conferred long-term protection against colo- 
nization with S. mutant; (30, 32). 

: SA T/U rnay function as an adhesin which mediates attach- 
ment of S. mutans to the tooth -surface since it is essential for 
colonization in vivo (24, 32) and binds to salivary receptors in 
vitro (13, 44). The gene encoding SA I/II from cwo sixains of 5. 
■mutans, serotype c, hits been sequenced (19, 40). The deduced 
amino acid sequence of SA I/T'f from 5. muians NO 5 0.9) 
comprises 1,561 residues and includes a signal peptide {/Ml- * ,v 
dues 1. to 38) and a predicted C-rermiual bacterial' celled!; 
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spanning region, as well as two series of taudemly repeated 
sequences. There are four repeats of an alnaine-rich 82-residue 
sequence (residues 121 to 447) and three repeats of a proline- 
rich 39-residue sequence (residues 839 to 955). Sequencing of 
homologous genes from other streptococci (12, 21, 38, 52) as 
well as hybridization studies (31) indicates ih£l SA I/II;is a 
member of a gene family conserved among oral streptococci. 

At least two distinct sites in SA I/II interact with salivary 
receptors in vitro. These arc within residues 816 to 1.213,1 the 
most conserved portion of SA I/II (37). and within residues; 1H6 
■to 469, the alanine-rtch Sequence (10). Both MAbs which prc- 
*v\Vn colonization with 5. mutans in humans (32) recognize 
epitopes within residues 81 C> to 1213 (37). In addition, im'mu- 
M23tion with a synthetic peptide derived from the alani ae-irich 
region of SA 1/71 from S. mutant MT8U8 (residues 301 to 319) 
suppressed colonization of murine teeth by 5. muians (50). 
Taken together, these observations suggest that protection 
against dental cartes may be conferred by the induction of 
scrum antibodies which recognize receptor-binding regions of 
SA I/II. ! 

Limited data are available regarding epitopes of SAjl/Il 
recognbxd by naturally sensitised humans. Serum and salivary 
responses to a panel of nonover lapping decapeptides which 
spanned the complete sequence of SA I/TT were determined for 
five subjects (34). Peptides throughout the sequence were rec- 
ognized although serum antibodies showed some preference 
for peptides in the N-termioal and middle regions. Salivary IgA 
antibodies showed similar recognition but with higher titers to 
peptides within the C-terrninal region. • 

In this study, we have investigated human T- and B-jcell 
responses to recombinant polypeptide fragments which s^an 
the extracellular portion of SA I/II (37). The positions of these 
fragments within SA I/II are shown in Fig. 6, which also sum- 
marizes data on adhesion binding sequences. These analyses 
indicated that the fragment corresponding to residues 816 to 
1213 is an immunodominant region of SA I/IT, We have inves- 
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tigatad the relationship among T-ccl!, adhesion, and B-ccii 
epitopes by using a panel of synthetic peptides to map epitopes 
within this region. Wc have previously used the term BP IT A3 
mapping for this procedure (26) and propose it as a general 
procedure for identifying components of a subunit vaccine. 

MATERIALS AND METHODS 

• Matcrlak. Fmoc amino aeid,^ bcnzorri^oIc-I-yl-oyy-rri^-pyrroJitilnu-phoi* 
phonium kerofluorophoephcio (PyOOP), and Rink amid& J-meitryl -benzbA- 
drylnminc (MI3HA) resin *eic pui'cha.ced from Calbioehcm-No^ah-ochsm ! \J&) 
lul (Hjtlingiuim. United Kingdom). Diraethyjfjrmamidc.Vifliiorwat:'^;^ acid.' 
diethyl olhtr; dich:oromctlune. r.nd pj'pttriditHt were pn^huued from* RomiJ 
Chemical* Led. (Lcuchboroup.li. Unired Kingdom). Diiwpropyteniylaminc war 
from AUlrich Chemical Cr. (Poole, Oors:U, United Kinsdom). OtijjO"- •■'rojidci 
■ver; purchased from Os^'cl PNa Service (University of Rdinburgh. fcclinbiirgh. 
UnilKfi Kingdom). 

Subjects. The caries index (decayed, missing, and filled -nifnics* [DMFSJ) of 
•V) heal thy volunteer* from the Depigment of Immunology was de luminal, and 
venou:* blood and «liva samples *»«te cullucfsd. HLa-DR typin;; of 17 subjects 
wa$ 'pe; fortnc d by rhe Tissue Typiiift Deprirlmem ( Guy's Ho*iiiiaI). 
■ Bacuiri:i ;md growth eonditinm. To prepare $a I/U. 5". >nutiinf Guy's ?iryfii 
(serotype c) wai grown ir. IU liters of supplemented hasai medium, as described 
previously (C\ 7), at 3" a C, (or 72 h, For the adhesion .way, y muter,t w;^ grown 
In Todd-HcMtt bro:h (Difco laboratories, Detroit, Mich.). Escherichia coti 
ejJU (DE3) fNovagcn Ine., Madison, ^is.) harboring pETJSh ^ui grown at 
37*C in Luria-Gertani brorh supplemented with earbcnicitlin (50 u.g/m)), and 
rcccmbniunt protein expression was induced with Uopropyl-|3-o-(hiogaIiiCtopy- 
uiKUide (1 m.M) (3?). 

Aoiigcns. 3 A t/11 was prepared fvm S. mwftw Guy's strain (serotype c) us 
described previously (42). Rcerwbin.Mif fragments I (residues 3? iu !*l).v2 ( 
(residues 475 lo 524), and 4 (residues 1155 Vo'l5SS) c*pr«:vd in £. noli BL/i .>>;' 
vising pET15b were purified by alTmity chromatography a* described previousr;' 
02). For this study, ihe portion ot" the gene encoding resiCucv Hl6-toU21.V 
(fragment 3) "-as amplified by HCR wi:b the plasm id pS'M //I I as template wiih- 
the oligonucleotide priori (?') t lacs catgAATGOTA A A ATCCGTOCCuTT. 
the sequence in uppercase \a.\\m> cones ponding to nucleotides 2442 to 2462 ot 
ihK HA VH gen:. and (3') cicggaUciotCACTA AATCCrOACtiCAATTCAAG, 
the sequence in uppercase leUcr-i hnint; complemeni3i-y trj nu dec. lido 5630 tc 
?^(j5^- Hie iirr : pJiried fragment v.is clnnccJ itu6 the vtao; pETlSh .md cxpru&wd 
in E. u&'lSL'A (DE3) exactly described previously (J7). Similarly, Un; portion 
of the £;cn*i emi-Klme residues 034 to 1161 ^wft'> ampiiiied by using ihc.oli^onm- 
clcoiicc primer? ($') ;u .*i &'i cu tg C CAACTGTTC AT1TCC ATT ACtTT (nuclen- 
tidsy ^040 ro 2?72) and (3') gct-itrgicga ctcaTTC ATrAACCTTAGT 
(iximptcmenttiy to nuelee tides 3<*£2 to 54K). The amplified fragment wa* 
clciiid into pETISb modified by lh« Addition o/a 5a'I *ite (3T). The recombinan! 
polypeptide wax purified by a.T;niiy ct.romatOj5r.1phy on Nr" uiTinity resin ss 
deKr.:ibed prcviojsly (37). A)l ancigens *crc analysed hy polyacryiunidc gel 
dcctiophorcsis in the prea^t uf jodiitro Codccyl sulfate (SDS-PaGE). Gels 
were scanned with ihc GS 070 imaging dcnsimmcicr (Bin-Rad Li's era wriw. 
Richmond, Calif.). 

S>nih«lie peptides Pcprids amidM (M-mtf* o^erUipping by J 0 residut»£)'W«rff* 
synthesized on Flink amide MBHAtcsin in staled porous po'ypropylav.bygiuji, 
il;t nuivj.1l *imultfmeou3 mahiple peptide .^ynthe^h. procedure (IS) Will Fmsx; ' 
chemietr>*. PyHOP was u«d as coupling a.^ent, and Fmoc, a mine; aci-j.i *trti* 
activated in jitti by .">.rf*Jition of ditsnpropylcchylnmine. Hnllowing 20«cyr.ffat of 
synthesis, rciin wat »*a^hcd with dimcihylr'orinamide Mer^d by dichicrchictii: 
.me ind peptides were cleaved by Irxubation in iriflurjfo.iwsrit ucid-cfhonedi- 
tliiol^inivok-phtnol-HiO (S2.5:2.S:.S':5:5 (vol/vol/vol.^'t.'voll) U>r 2 h .1! nxiiii tem- 
perature. Peptides w«:rc pr<:eipitateri h>- the addition of 5 volumes at ether, 
recovered bycautrlfygutiun, anHwKhcd tlifcis limes wiih ether. Finally, peptides 
were _d t.vol v«*. in wntcr .tnd lyophilizcd. Tlie scnle of s.yiuhe^is wo* ,S0 ^mol, 
Aliquou cf 2*d\ pepiuJe «/eie hydrolyxcd in (J M HCl ;it 1I0 U C trw h s nnW 
eompoxidoriit «*6r« determined by S. Lathw»ll (Naiiunal Insiiiuic for Medieid 
Research, Mill (till. London, United Kiii>dom) with the Bcekman 121MB au- 
wmatcd anAlywr (J3e«:km;in [nsrrumeiUjE Ltd.. High Wycombe, TJnind KU15- 
dom). U\ each ciiie, the comprxition matched Mia; predicted. 

AHtlbodics. MAbs L243 (anti-m^ior hiirocumpatibiliiy complex [MHC] class 
Til and W6/32 (onti-MHC c!n<?j I) vrjz produced from cultures of hybrid omas 
Obiair.«tl from the Amtrican Typi: Culrure Ccllcctioii (RftUcville, Md.). II>i, an 
isulypc (lgG2fl)-mstehed control oX irrelevant spccificily, w:i& pznvidcd by P. 
-Shepherd (Dcpanmenr of Immurtnlo^y, United Medical and flinta! Schaols). 
Rabbit ar.u-SA Ull unii serum was prepared (\s ct Ascribed previously (d2,).*.-*-?y 

• Lymp hop mlirerot i've nsstiy. Dchbrir.ated biood from voluuteeji «ja<o« finite it 
on n Fiooll f.raditnt. wxrc used for ajitihorty as*>ny^ (see be!o»A whiiM 1 
peripre:n! blood mononuclear e«lu (PGMCs) were washed an*t nisusp^nded inr 
RPMI 1 M0 (Sigma Chemical Co., Si. Louis, Mo.), NUppIemtnied w,' t h;2 mM 
t.-gluraini«e. penicillin (100 IU/ml), sirtplomyein sulfite (100 »H5f , mJ),'«iict"10^ 
hcat-inactiv-aicc mitjJogous xcrum. PBMO (10 s vn\ti per '.veil) u*cro cultured in 
%-u'ell round -hot lomeo plates (Goilv. Cambridge. Mass.; in u towl vulume of 
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200 fil. Three replicate* ot'ench cul lure were incubated wilh three concemtftrions 
(U 10. and 4t) u^g/ml) of SA l/Il, recombinant fragments, nc-niecnmbinant con* 
irol. or synthetic peptide*. IneithATfofl wm at 37*C in a humidiHtid atmosphere 
with 5% CO a r"or 6 days. Each culture received 0.2 u.Ci (7-^ kfi/j) of pHJthymi- 
dine (Am awn am lnteinniionul. Little Chajfont, United Kingdom) 6 h bc/nre 
harv*5dng, Culrur.^ *£fc harvested nnw yl;u;s fiber filters with a Dynatecri 
(Chnnlilly. v&.) Minimnl C«dl b.--rve$ieT, and | J H] thymidine in corporation wni 
mcMurcd with the LKB liquid scintilla :ion counter fLKB, Hrdinnu. Sweden)! 
Proiifsration wus expiesscd as srimularien index ($1), M^'hieb u the mean count;; 
per MniuTfi of Hntigcn-Ktimulated eulmreit divided by counts per minute of aoti* 
-;:e.n-£fed ottliurcK. Concanavalin a (1(1 u,g/m!) (Sigma Chemical Co.) was uteri 
w.'kh cvcty culture as a putfli** control, but the rc^ulix art! 001 presented. ; 
( ; : MHC 'depowdency of proliferative re.5ponw to Sa V[l wtw dclcmniiwd by 
■ cuhurinj lymphricyics *-ith nnrigen (10 n-g/iril) as described abova in the presence 
MAb U.A'S, W6/32 : or 1D4 ut 1, )0. : ; nd 20 Col lures were incubated 

• ^viir. [ at H] thymidine and harvested, and pH]tliymuJine uptake was determined .m 
descrihed above. j 

BUS A for scrum antihodiev. AnUborfy recogniilon of SA I/I I, re corn binani 
fra^inent^, and synthetic peptides^ a.* dercrmim.:\l by enryme-linlccd immun.osoi'j 
bent ,'i.ts.iy fBUSA). Proteins (2 ^(i'ml) or peptides (10 uuj/ml). in phoiphiiW'; 
hufTiirad saline (PBS) were adsorbed to ^clU of pol^ryTenc microtlrif plates 
(Dynatceh) (ur 2 h at room rempevaturc. Plates were" vtnwhcd, and veil* w.fc 
trectcj wi:h 1.5% (wt/vol) boWne serum Qtburciii (FiSA) for I h nc room ttni- 
pcratuie to biock unbound sites. Ai'tur washing*, bound aotigem v/ere incubated; 
with serially diluted sen k\ duplicate. Uuund IcG antibodies *en» .Jelermined by 
incubadon with slkalinc phosphate-conjugate J goat anti-hum .1 n fSigmu 1 
Chemicaj 0\) and subsequent reaction with ^trwnitrophcn>l phojiphriro (Sigma! 
aitmital O^.). runes were rend il 405 nm with ih« micruplate reader model ^50, 
(Bio-Rfld) Tbrtie sway* were ps?Jormt*d tt 'ith the fecombirant fragments. Foft 
the peptide, after initUil icrecning -with the compleirt panel the asjay was rt-i 
peaced at lea^t ihrws limes with each serum ««itli a restricted set oi peptide*. Sa' 
Ml (I p^/ml) m^is included in each assay a'. «- a s m irrelevant peptide (HOaaMI 
. OliflDriNFEAADWD) derived from the sequence of simian iminunndeficiency; 

• vi o.-; v pi^*For ull assays, results arc expressed ox the highest dilution giving an| 
" absorbance value of 5sC.Z 

• 1 Western blotting (Immutiohlntiiut;). Strvim antibody response: <v«i« ajju a;,-j 
sayed by Western bint ting \*ith S a I/H, the recombinant polyptpltde^ and a; 
control fraction Irom £. coti BL21 harbor itig ntmrecombinant pETl.'ib. Pvri£edl 
rirujgctii. ivere separated by SDS-PaCE with yelsof 10% acrylaiitide. by ualry; al 
mifiijas! system (Hoefcr Scientihc liistruntunis, San Francisco. Calif.). Pt'oieift-i 
«jcic uausferred to nitrocellulose with n stem id ry blorter (Sartoriuji A.G.. Got>; 
tinge n. Oenmuiy). NitrocuUulo«: stripis' were bloefctd *viih 5% (*vvoi) nonfai: 
milk po«>deT-2_1% (wt/vol) BSA in Trb-HCl-huffcred saline fpH S.U) con Gaining i 
tl.05^. (»v^ot) T*een 20. Strips ^ere Mtbscqucncty incubated ^ith human ^era f I ; 
in 20 UiluTiur.) or rabbit ami-SA T/Ij nniucmm [10" 4 dilution), and bound; 
antibody was visualized by using atlriKne phot>phatai>c*cor I it:c;&ted secondary 
iniibody viih S-bromo-A-ehloro-i-indalylpho.iphuie and ni'tohhe t-itra^;hum i 
fSipm.l Cht'mieal Co.) as subsnatcs. Each jentm whs assayed three limii, and' 
i'e<ipi)nse& w;r.re c*jmidered as positive if hands were visible in at lea?'. t»o aiiaysJ 

HacK-rial adherence assay. SA lrtl-mcdiftied adherence of S. mumns (Cuy'ij 
siriun) 10 saliva wa.t assflyed by determining binding of pHjthymidine-bbcltcd j 
ktcieria t;i ialiva adsorbed ta micro'sitisr wells. Freshly collicreil human snJiva' 
frcm a single donor was clarified by cantrifugarion for 10 rain ai 3.000 x ^, heat' 

.. :naer:v3tcd at f)0°C for i0 min, and finiilly clarified hy ccfilrifu^ulion at 17,000 X j 
g '-rci- *1G- min. Treated snliva wn* diluted with an equal volume ">f PBS and l 

' -idsorbed to the u-clls & a polyttyi enu ^6-^cfl rlat-bnitomiU micro titer place J 
(Immulon 4. Dynatcct*.) for 2 h at room temperature. After con ring, wells were ( 
w;ixhed three timo- with PSS and unbound sites «/cre blocked by inhibit don y^th ; 
\.S% (wt.'vol) BSA in PBS for I h at room temperature. Plates *ere ihen wiiihed i 
lb«o iim-i with 50 mM KCI-1 mM CaC! ? -^ mM MgCl 3 -l mM KH.PO,-1.2 i 
mM KaHPO, (pit 7.2) (atiherenw bufl'cr) (9). mutunx celii irom sr. overman • 
culture in Todd-He^itt hroih '*sre used to inneiilAie f 1/30 volume) a funharj 
culture in Tncld-Hc^»ixt hroili containing 100 ^Ci (3.7 M8^)- of [ 2 HJthvmidinc * 
(Amersrcm International f.le) per mi. Cells were harvesrec! in mid- to iate iocj i 
phase (optical densiry a: 700 nm of ^0.4), pelleted by centriAigarion ot 1,000 x 1 
£ for 10 min. and washed three times in adherence buffer. The final sufpeiwirn i 
wati vortcxed wit!i 0.5 volu^ie of gia,-«s bends ro brcik up chiu'iu of corci which ' 
were monitored m.ieros copies I ly (37). Cells were reiirtpendcd to give 5 x iff" 1 
cpm/50 ni, and 8SA was added to 1.5% («'CA/ol>- Sped lit activity of the washed ! 
, c . muinns volUi was estimated to be 1.0 X I0~ ? lo 1,3 x 10 ' a cpm per cell (37), 1 
In c^impstitp-'c inhibiticn ot adherence, narivc Sa MI. fragment 1. fxagmeni 3, i 
recombinani M4-116J, and myaglohin were addud to the wclk (at final voncon- | 
ItMilons of 0.5 to S p-M) in 50 ^1 of adherence buffer contatnini; \,5% (wtMil) 1 
B5:\ tfl^eiber -Jhth 50 t*l of radio label led $. mnnvif suspension. The pl:iio« v,*ere | 
litcobaicd at 37 a C for 2 h with gentle shaking and jtuhMquently were washed 10 ' 
times vndi sdhcrenet buffer. Bound S. mutant ccIU wcr« e luted wivh 1% (wr>ol j . 
.'ipS and transferred to gJatc fiber Alters by tiding the Micromate 1% cell har- ; 
verier (Canberrti Facktrd. Pflngbourne. United Kingdom). Filters wers counted ■ 
with die Matrix 96 direct beta counter (Canberra Pnckard). Background binding , 
was determined on wells tc which no saliva u,*i adsorbed. Synthetic pepiidej . 
feencamMUfift. o2-S to 501* pM) were as«iytd for inhibition of adhesion by die , 
Fame prcecdurc. The pcreentnge »»f binding of S. mutetvr lo saliva *>a$ calculated ! 
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TAfcLfc 1. T-cell and serum responses to SA I/II and 
recombinant fragments'" 



T*cc!l I'ccponw: Antibody response 

Anlif^j'i ~« — — — 

SJ(±Sr<M) Frequency Ui£- (litrr) Fiequcney 



SA VII 


11.6 * 2.6 


J 7/lfi 


9.1 = 0.27 


18/18 


Fragment 










f 


10.7 - 3.2 


2/1 fi 


4.27 ± 0.29 


2/10 




h.5 ± 1.2 


I /IS 


4 A ± 0.3d 


5'i8 


J 


22.6 = 4.!) 


0/18 




. 11/18 


4 


10.3 * 2.0 


4/18 


4.i ± c,.:>) 




Nonrccombinam 


6.1 * i.l 


4/!S 


2.0 t. 0.24' 1 '' 


• at? 



plasmid 

• Mean SI (z SEW) of nil subjects (« • ISj is prtwr.ied :or iA'I/II ,1,1a wen 
Inigment. The frequency M piftiirv-; lupnnsc* h. sJhycn, f usitf*c rwpinixe? to SA 
//II were those *Iih SI of cO.O (>50!J epm). Positive wponyc* i* (he ir-.^oicnrs 
»vere thoKC with ST £r<i:ilei- than mean -i- 2 SD of ilt« response to (lie control 
protein fraction from E. «;// .Kirhijring nt»nrc£omhinai»i pUiimid, With medium 
Only, the response w« 5<W ± J(M cpm, Scrum response* (determined by ELLS A) 
arc sfhiinn ;is me^r logi (liwrj C- <S£M) for .ill subject!-. Positive ns,spfir.k-s H'cre 
thasc "'ith a tiler gnsiircr rtian mo.™ •!• "2 -SD yt the response to Hjc control 
pruisin fraction (nonrtcjumhinuni placid). 



by ilic formula ffteif counts per milium) - (cttutrol ccunu per minuuO/U>i<'ii 
counts per minute] X 100. Percent inhihicVm \yt adherence was cafcul&icd :jh 
[(percent adherence without inhibitor - percent adherence wich inhibiior)/pftr- 
cent adherence without inhibitor! r. I Of). For proteins dcLevniinuioiiS of strep- 
(eonccal ndhe^ioh >vctc mncJc in iriplisftt or quadruplittre ae ea<;h protein 
cortCCiUrftiii'.n, *hils fyr peptides, duplicate determinations ^eic'mjde. In wrt'v 
cm. the : is say was performed .it Il^i ihr<;e times. . ' ' * . r 

Si;iu>ucs The •Srudcni r icm was uicd lu anulyzc r!c results. ' * " 

RESULTS ' 

Lymphoproliferativt response to SA I/H and recombinant 
fragment?. SA I/II and the recombinant polypeptides used in 
this study were purified and analyzed by SDS-PAGE and were 
documented in a previous paper (37), The purity of the 
polypeptides was estimated by densitomclrie scanning to be 
>85%. Some bands with a lower M r than those of the intact 
polypeptides were evident. Since these hands were recognized 
by rabbit auii-SA I'll antiserum and by MAbs (57). they may 
be products of partial proteolysis. Proliferative responses of 
PBMCs from ltf subjects were determined following in vitro 
stimulation with SA I/II and the recombinant fragments span- 
ning the predicted extracellular portion of SA I/IL. Stimuhitioiv : 
with concanavalin A induced proliferation in each^-xpenineiiL 
with mean -SI for ihe population being 49 * 9.2 with a range- or 
14.7 to 146.5 (result not shown). All but one of the individual.-! 
responded significantly to SA I/ll with an SI of >2^i doses' of 
: to 40 (Ag/rnl, with peak responses generally at 10 jig'ml 
(approximately 50 nM) and mean SI for the pnpuiation'being 
11.6 ± 2.6 (Table 1). Since each recombinant fragment prep- 
aration will include rnce components derived from E. toll 
which may themselves induce proliferative responses, a protein 
fraction was prepared from £. coli harboring nonrecombinant 
pET15b by exactly the name procedure as that used to purify 
the recombinant fragments. This fraction was ased as a back- 
ground control for responses to ifac fragments (but not for 
those to SA I/II). The responses to each fragment are also 
shown in Table I as the mean Si (± standard error of the mean 
[SHM)) of all 16 subjects. Among the four recombinant frag-, 
mc-nts. only fragment 3 stimulated m significantly ^reaier 1 re- 
sponse (P < 0.005) than The eontrol protein fracn'on'rrorn 
coli harboring the nonreeomhinant pia^mic (Table t)'; Individ- 
ual responses to the fragments were considered positive if tile 1 
SI was greater than the mean + 2 standard deviations (SD) of 
the response to the nonreeomhinant control. The highest trc- 
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quency of such responses was to fragment 3, for whidh the 
responses of 0 of 18 subjects had an SI greater than tholmcan 
+ 2 SD of the responses to the control (Table 1). j 

T-cell epitope mapping. As significant Jymphoprol iterative 
responses were generated only with fragment 3, a pancllof 32 
overlapping synthetic peptides, spanning residues 803 tolU74, 
was prepared. Proliferative responses of PBMCs from 3d) sub- 
jects were determined by stimulation with the peptideb. AJI 
subjects responded to at least one peptide, with a band range 
of 1 to 8 peptides and a mean of 4.4 peptides. On the basi-S of 
frequency of response to each peptide (SI ^ 3.0, >500 cpm), 
three immunodominant epitopes were identified: peptides 803- 
' h22, 975-994, and 985-1.004, each yielding frequencies of *50% 
(Tig. 1). Since most (13 of 15) subjects who responded to 
peptide 975-994 nlso responded to peptide 935-1004 : it is prob- 
able that a single T-cel! epitope is present within residues 975 
to 1004. Minor T-celi epitopes were also identified withiri pep- 
tides 1005-1024, 1015.1034, 1085-1104, and 1115-1134! with 
frequencies of >2U%. and some of die adjacent peptides may 
represent single T-ccJl epitopes. However, eight other peptides 
with frequencies of >10 and <20% may also function as rhinor 
T-cell epitopes, but they were not studied further. ! 

MHC restriction of the Ijmp ho proliferative responses. [HL A 
restriction of the T-Ccll response wa? first studied by 'dose- 
dependent inhibition with MAb to HLA class / and II antigens 
(Fig. 2). The Jymphoprolilerativc response was inhibited by 
50% with 1 i^g of MAb to HLA-DR (L-243), and 10 u.g of the 
MAb inhibited 100% of the responses (from SI of 10.0 i i.2 to 
of 1 .5 ± 0.4). NeiLher MAh to HLA class I (W6/32) ntjr the 
isotypc control induced any inhibition of the lymphoprohf era- 
live response. : 

Ihe HLA-DRs of 17 subjects were determined, and six of 
these were homozygous. The responses to the immunodomi- 
nant and minor epitopes were then studied in the six DR 
homologous subjects (Table 2). Only peptide 975-994 ap- 
peared to be restricted by MLA-OR L The other six peptides 
stimulated lymphocytes from HLA-DR), -2 ('except peptide 
1085-1104), and -6 (except peptide 803-822)! DR5 was re- 
stricted by peptide 803-822, though the latter stimulated! lym- 
phocytes with DR], -2, and -3 antigens. Lymphocytes! with 
DR3 or -4 antigen responded to three or four peptides: The 
results suggest that, except for peptide 975-994. the remaining 
six peptides appear to be promiscuous as they stimulated) lym- j 
phocytcs with three to five HLA-DR antigens. : 

B-cell epitope mapping. Serum responses were determined 
by ELISA for the 18 subjects whose proliferative responses to 
the fragments were analyzed as described above, and ^sub- 
jects showed significant recognition of SA I/II (Table l).i The 
recombinant fragments were recognized with lower Titers (than 
SA f/l f, although the mean titer for each fragment (all subjects, 
n = 18) was significantly greater than that of the nonrccq'mbi- 
nant control (P < 0.01) (Table 1). The frequency of responses 
(i.e., those greater than mean +■ 2 SD of the control) to frag- 
ment 3 was higher than those to the remaining fragments. 

Recognition of SA I/II and the recombinant fragments was 
also analyzed by Wcrtern blotting with the same set of sera as 
in the ELISA as well as sera from four further subjects. A 
Clilferent pattern of recognition was evident in which both 
fragments I and 3 were most frequently recognized. The re- 
combinant polypeptide corresponding to residues 984 to 9161 
which represents a truncated form of fragment 3. lacking the 
wmdem repeats of the proline-rich sequence as well ftiJ C- 
ic'rminaj residues, was also analyzed. From analyses of ail 22 
subjects, three main patterns of recognition were evident as 
Shown in Fig. 3. Most subjects recognised SA T/Il fragments 1 
and 3, and the truncated form of fragment 3 .strongly together 
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FIG. 1 
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i. 1. Proliferative respond m lapping lynthcii;; peptides f2f,-nysr^^ of SA I/II. (a) Mcao St (± .SUM) of PEMCs from 30 wbjucu Mean 
odium only were 52H r 172. ft) frequency of positive response?^:;' a:i >500 cpm). #, peptide 367-636 has the iamc wqusncw as peptide, 
tf ?77-fl8(>* arid 916-935 h.ivc Ulen tic:. J sequence as do peptides 886-QflS and 925-W4 1, and peptides 8^15 and 935-934**. 



co-jnw ptr minute j 



with weaker recognition of fragment 2 (panel a). A smaller 
proportion allowed weak recognition of SA I/U and of fraa- 
m'ent 3 only (panel b) or strong recognition of SA I/II with 
weak recognition of one or more fragments (panel c). Rabbit 
anti-SA antiserum used as h positive control (panel d) 
recognized fragments I to 4 strongly, as well as the recombi- 
nant polypeptide 9S4-1161. more weakly. No recognition of 
bands in the preparation from £. cofi harboring nonreeombf- 
nant. plasmid was evident (result not shown). SA I/II waj* rec- 
ognized by All 22 subjects. Fragment 1 was recognized by 20 of 
22, fragment 2 was recognized by 10 of 22. and fragment • was 
recognized by 18 by 22 ; but fragment 4 was recognized. by only- 
I of 22 subjects. The responses were therefore- dircctcd,pre- 
dominantly towards fragments I and 3, although sighilicaiu' 
responses to fragment 2 were also evident. The frequency of 
recognition of the truncated form of fragment 3 was also high 
(16 of 22 subjects). Of those individuals recognizing fragment 
3, most (75%) also recognized the truncated fragment. 

Since fragment 3 was an immunodominant region with re- 
gard ro T-ceJl and B-cefl recognition and is involved m binding 
to salivary receptors (37), if-cell epitopes were mapped by 
EUSA with the panel of synthetic peptides. The highest dilu- 
tion of scrum winch resulted ir\A M)S of >0.2 fo; each peptide 
was regarded as the endpoint of the titration. Titers which 
were greater than the mean titer t 2 SD of reactivity with the 
irrelevant control peptide were considered to indicate ra^g^, 
nition. The panel of peptides wan screened with sera from 22 ' 
individuals, and eight peptides which were recognized by more 



> a 




ANTIBODY CONCENTRATION (u 0 /mi) 

FfG.; 3, IILA-DR dtpciideticy of proliferative respond to SA l/U. FBMCa 
v.^isVji Lured with SA I/II and varying concentration! of MAb 1343 (•—■•), 
Wfi;ii (0---0). orIEW (▼■—▼) (isotype control). Mean SJ {•> SBM) values arc 
from (hre* lubjscts. 
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SI foe ptptidt 0 






i 


DR 












i 


803-6:2 


975-994 


WS-lOW 


lOlJfi-1024 


1015-1034 


1085-11 04 


1115^1134 


I 


4.1 = 1.0 


4.0 4 1.3 


S.8 - 1.8 


3.2 £ 0.6 


3J ± 1.1 


3.3 ± 1.3 


3.2 i 0.6 


2 


19 J ± 6-6 


2.2 - 0.4 


16.7 ± 1.7 


14.6 ± 5.7 


1U ± S.2 


0.6 ± 0.5 


14.7 = 33 


3 


6.1 ± 2.7 


n.? ± 0.2 


4.1 * 2.3 


1.0 £ 0.2 


2.1 ± 1.7 


4J ± 1.2 


1.9 It 2.3 


4 


2.5 ± 0.8 


1.8 ± 0.7 


3.0 ± 0.3 


3.2 ± 0.5 


1.6 ± 0.1 


3.7 ± 0.6 


1.5 £ 0.7 


5 


6.3 ± 1.0 


1.8 z 1.3 


2.0 ± 0.S 


2.3 ± 0.5 


1.3 £ 0.3 


1.2 ± 0.4 


19 i 2.S 


6 


2.6-1.5 


2.9 i 0.9 


3.5 ± 0.S 


8.3 ± 3.1 


5.7 - 2.4 


S.6 ± 1.4 


£.0 k 2.0 



* ST (itSEM) ^ulues of subjects h^mo^ous fur DR urc sho«<n. Fostrive responses (Si, >3.0; >500 cpm) arc in bcldfacc. 



than one individual, together with one peptide wijic'h-was.noi 
1 recognised, were selected for further analyses (Fig. -4). '3 A VU '* 
, was rccogni2ed by all subjects with mean lcg 5 Liter ef 7.6 * J.2.\, 
Tilers against the peptides were lower, with only'tnat against 
peptide 824-iJ43 (mean log 2 liter, 4.7 ± ]*.'!) being jign.-.c*ar:ily 
greater than the tiler against the control simian immunodefi- 
ciency virus p27 peptide (t - 7.28, P < 0.01). The proportion 
■ of significant liters (greater than mean + 2 SD) was also 
; calculated (Fig. 4). and only pep ride S 24-843 showed high 
frequency (18 of 22). Indeed, an immunodominant B-ccII 
' epitope is present within peptide 824-843, possibly shared with 
the overlapping peptide 834-353. Peptides 8fi(5-905, 925-944, 
10.35- 1.054, and 1085-1104. may constitute minor B-cell epi- 

• topes .since they were recognized with a frequency greater than 
lb a i of the control peptide but by only a .small proportion of 

' subjects (<33%). The sequences of peptides 386-905 and 925- 
944 arc identical. Despire the high frequency of re'sponse.s to 
ch e reco mb in ant polypcpti de 9fi4- 1161 ( d escrib'e'd " Sbo* e ri [ '■ 

' very low frequency of responses was observed to"" p^n : ues' 
within this region. \ * • r> ,7 

Saliva samples from the subjects were cultured. to determine 
levels of $. mutant. In 66% of individuals, 5. 'trurans was 
detected (range, Iff* to 10 5 CFU/ml). There was no correlation 
between^, mutatis levels and recognition of particular epitopes 
or titer against SA I/TI. 

Adhesion epitope mapping. Adherence of 5. muians to sali- 
va-coated microliter wells was determined with [ 3 H]thymidine- 
Jabelled S. mutant. The proportion of adhering bacteria wan in 

' The range cf 1 to 5%, in good agreement with other microliter 
plate adhesion assay* (47). In the absence of saliva, the pro- 

. portion of adhering bacteria was <0.1%. In competitive inhi- 

' bition assays, SA I/II fragments 1 and 3 and the recombinant 
polypeptide 934-1161 were added to the microliter wells and 
incubated with labelled S. mutans. SA I/II inhibited adhesion 

;of S. muians in a dose-dependent manner (Fig. 5 A}'. w::£ l ■max- 
imal inhibition of 959c at a concentration of approximately 5/.' 

I >j.M. Fragment 3 showed maximal inhibition of ap t ; 'pximulely 
60% (at 2.3 p.M); fragment 1 did not inhitk; in agreement with 
previous observations with saliva-coated hydroxyapatife : (37). 
The recombinant polypeptide 984-1161 also inhibited adhesion 

.although less effectively than fragment 3, with maximum inhj- 

* bition of approximately 40% (Fig. 5A). Myoglobin, a control 
protein with a similar Af n did not inhibit adhesion. 

The panel of synthetic peptides was then assayed for inhibi- 
tion of adhesion of S. muians to saliva-coated microti ter wells. 
Peptides 1005-1024, 1025-1044, and 1085-1104 consistently in- 
hibited adhesion with maximal inhibition of ^=90% at concen- 
trations of 500 uM (Fig. 5B). Adj ace of peptides 1015-1034 and 
, 1095-1114 showed more variable and lower inhibition and may 
be part of the adhesion epitopes. 

Caries indc* and epitope recognition. A group of 2*V .subjects * 
was divided arbitrarily into a low-caries (D S MFS vakie. 0 to 6): 



•and. a high-cacies group (DMFS value, >6) (Table 3).|The 
''m-:an T-eell response of the low-caries group (in = 10) to the 
immunodominant T-ccIl epitope or epitopes within residues 
975 to 1004 was SI of 7.93 r 1.5, which was significantly higher 
(I s < 0.01) than the high-caries group (n ■-- 14), with a meajo SF 
of 4.08 z 0.6. The other dominant T-cell cpitopc(s) (residues 
803 to 822) showed no signi fleam difference in the Trcell 
responses between the low- and high -caries groups. Anti- 
bodies to recombinant fragments or to peptides S24 io:S43 
showed no significant difference in titer between the|two 
caries groups. ' 

DISCUSSION : 

hi this investigation, a fragment of $A f/H (residues Sl|6 to 
121 3) which inhibits adhesion of 5. muians to salivary receptors 
(37) also expresses immunodominant T- and B-eell epitopes. 
',B;ccll recognition was analyzed by ELISA and by Western 
Slotting with recombinant polypeptide fragments and burn an 
sera. Although of lower resolution than epitope scanning with 
synthetic peptides, this approach allows recognition of discon- 
tinuous epitopes which would not be represented in a panM of 
synthetic peptides. The recombinant polypeptide fragments 
were either not recognized in ELISA or were recognize'd at 
lower tilers than SA I/II. Fourier transform infrared and [cir- 
cular dichroism spectroscopy indicates that fragments 1 fo 3 



l z a 4 s e 



1 2 a d S 6 M r 

— ' • -\ _ 2CS 



- 70S 




FIG. 3, Scrum rcco£niiion of SA 1/Tf ^f\\l recornbimini. p<;lyptrplide 
ncnts. Western Wou t'rora three subjeecs arc slipwn (a to c) rogetfier with rtbbir 
Jiiti-SA l/II antiserum (el). Laucit 1. SA I/TT; Line? 2, frugmm 1; lao« 3. 
rr.-ipwenii lanci 4, fragment 3; lanes 5. rccombinani 9*4- 1 161 ; lanfts 6, (rAgmcni 
•'• • ^c* GO 3 ) arc sho^n. Humnn scrum ^as used ji n 1 in 10 diluiion. j 
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HG. 4. Human wmm recognition of symbeik peptides of SA I'll, Tiicn to felecltfl peptide* 0/ Sa I/TT and an irrelevant amtcoJ peptide from simian i 
irrimunodctieiency vj|,is p27 (SIV) u^crc determined by EUSa for Subjects. Tha f regencies of sera bindinfi the peptides, with ;i tirrc groiur than the mean + 3 SP ! 
t«f the conrvol peptide :.r& also indicated. i 



possess extensive secondary structure although fragment 3 also 
included some aggregated or unfolded structure (unpublished 
data). Thus although the weaker recognition of the fragments * 
may result from incomplete folding, it may also reflect 'he 
presence within SA I/7I of epitopes comprising residucYfrorrf 
more than one fragment. Fragment 3 represents an immuno-< 
dominant region with regard to recognition by human sera 
both in ELISA and in Western blotting. The increased frc : 
quency with which fragment 1 was recognized by Western 
blotting compared with ELISA suggests that scrum antibodies 
arc induced to epitopes which become accessible only on un- 
folding of the polypeptide chain. In naturally sensitized hu- 
mans, Such antibodies might be induced to proteolytic frag- 
ment of SA J/11. The physiological significance of such 
antibodies is not clear. Accessibility to antibody may be the 
major factor in determining antigenicity (]), and in this re- 
spect, the antigenicity of fragment 3 is consistent with the 
proposal that it forms pare of a cell wall-distal domain (21). 

Epitope scanning of fragment 3 by using the panel of over-., 
lapping synthetic peptides (Fig. 6) identified an immunodom- 
inant B-cell epitope within peptide .82*1-843 which rep ix*cnfcf- 
the N-terminal portion of the proJine-rich tandem repeats. An 
epitope which may overlap with this peptide was also identified 
in an independent Study (34), by using peptides synthesize d,by 
the Geyscn procedure. Surprising in view of the polar nature' 
of -the proline-rich sequences and the likelihood that this por- 
tion of SA Mil will adopt an extended conformation (54), only 
three minor B-cell epi ropes were identified in this region (res- 
idues $34 to 853 and identical epitopes in peptides 886-905 and 
925-944), However, there maybe discontinuous epitopes which 
are not detected by screening with peptides. 

T-eell responses of naturally sensitized humans to SA I/II 
sre directed predominantly to residues 816 to 1213 (fragment 
3). Immunodominant of this region may reflect imrinsicprop- 
c tries of SA I/II (e.g., structure and antigen processing) or mav 
reflect sequence conservation within SA l/U homology fronv« 



other species of streptococci. Fragment 3 represents the most j 
conserved portion of SA 1/11 (2J, 33), and thus raised T-cell ! 
and antibody responses may reflect stimulation with crops- ' 
'.rii.'-ctive' antigens from several different species of oral strep- j 
^ fococu. Proliferation to SA I/II was completely inhibited by ' 
* -onti-HLA-DR MAb, indicating that the response to SA T/tl is ( 
HLA-DR restricted although restriction of peptide responses ; 
by HLA-DP or -DQ cannot be ruled out. Within fragment 3, ' 
two .sequences which include promiscuous immunodominant ; 
T-cell epitopes were identified: peptides 803-822, which flanks 1 
the amino-tennmal portion, and '985-1004, which flanks the i 
carboxy- terminal portion of the proline-rich repeals. Both pep- : 
tides have at least one of the anchor sequence motifs proposed \ 
for promiscuous MHC class Il-binding peptides (If), 17), ; 
whereas the proline-rich sequence includes no such motif, ; 
which may account for the Jack of T-cell responses to the tarter. • 
SeveraJ peptides (including those in Table 2) showed promis- : 
cuiry with regard to HLA class II binding and presentation to \ 
T* cells. This appears to be a common finding which has been , 
reported previously (5, 7, 41, 48) and was suggested to re ft ect '. 
i he requirement for the limited set of different MHC mole- j 
.rules within an individual to bind a large number of diverse ' 
''"peptides (17). ; 

The potential elects of antibodies On the presentation of i 
T-cell epitopes to T cells must be considered. In vitro studies ; 
indicate that, during antigen processing, antibody may protect t 
relatively large fragments of antigen from degradation' (11. 33). : 
Since these fragments may be unable to associate with MHC 
class II proteins, the T-ccll response is directed away from the : 
protected B-cel! epitopes (53). Tn contrast, overlapping B- and 1 
T-cell epitopes have been demonstrated in mice infected with 1 
influenza virus (2, 3) and in naturally sensitized humans re- ! 
spoading lo a streptococcal antigen (8). h\ this study, ennver- '' 
gence of B- and T-cell repertoires may occur within fragment | 
3. particularly where adjacent immunodominant B-cell (pep- ; 
ti'&s '824-843) and T-ccll (peptide 803-822) epitopes were iden- 
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TaBL£ 3. Caries experience and T-ccIl responses toi 
immunodominant epitopes of Sa I/II ff j 



B3 

at 

E 

o 
< 

O 

z 
o 

H 

E 
5 

2 




l/i . ra*GfHEMTl 38*. 1 1«1 ffUOUCNTI MYOGLOBIN 



B 



«o - 



1L 




PEPTIDES 

HO- 5. Inhibition ot udhe^on of S. mutatis* (a) Concentrations of inuibilare 
wem a< follow: $A l/ll. 5.4 (■). 2.7 nM (CI), 1.35 p,M (1), an J 0.675 p,M 
(□); (fApmeni 3, nM (■). 2 J nM <C), J. 15 p.M (0), on J 0.575 \iM (CT3); 
recoir.biiimi polypeptide 984- U6t and myoojobin (used it* a tiegwi*r control). 
5.2 (*M (mm), 2.6 m-M fCI3), 1.3 *M {fSSt h .u\d 0G5 »tM (C.J); fragment 1. 
4.2 >j.M {mmm), H t*M"(CD). 1.05 ( aM (ESI), and 0.325 ulM (C-l). RmuIls 
(main + SD) iirtf from ihrac r.s?ays. (B) Pcplid&t were assayed far inhibition at 
euneenlrationi of 500 uM (M), 150 jiM (CD), 125 M-M (L^), and 62J >s.M 
(CXJ). R^ilte arc From three aviavs; rne;ip 4- SO v-iues art shown only tor 
peptides which gave dc*c-ccpcndent inhibition in each HM»ny. . 



rifted (Fig. 6). An important factor in determining which effect 
of antibody predominates may be the" size of fragment pro- 
tected from degradation during processing. This ihay be deter- 
mined in part by the conformation nf the B-cell epitope. 

With the objective of determining the adhesion epitope, we 
have used a novel assay of 5. mutuns adhesion to salivary 
receptors. Saliva was adsorbed directly to the surface oi mi- 
croliter wells rather than to hydroxyapatite as described pre- 
viously (9). This procedure facilitates screening of large num- 
bers of potential inhibitors of adhesion, and although the 
nature of the adsorbed components m«y differ from those 
adsorbed to hydroxy apatite, adhesion of 5. /nutans is SA I/II 



Subject flfoup 




DMF3 


SI for peptide; 






value 


975-1004 6)03 


-322 


High caries {/? = 
Low caries (n = 


14) 
10) 


17.5 = 3.8 
2.2 ± 0.7 


4.0S * 0.6 5.37 
7.03 ±15 4!2 


±0.9 
= 0.9 



* proliferative responses to residues 975 to M04 and 803 to 322 aic shown ay 
nwnn St (~ SUM). Subjects *vitb a. DMFS value cf >6 were arbicrsrUylasaigficd 
to ii<e lugh>carie£ grO'Jp, unU tboac *iih a DMFS value of ^6 were aligned to 
the !ow*ca»T&> group; mean DMI ; 3 values (± SEM) for cacti group arp shown. 
Mean ages of lite hign-caries and low- caries troops were 52.5 r 2,3 itn'd 2ft. 5 = 
2.1 years, respectively. Counts per minute with medium only were 6B9|r 149. 



dependent. The specific inhibition observed with SA I/II and 
fragmen l 3 but not fragment 1 i$ in agreement with otir pre- 
vious data with saliva-coaled hydroxyapatite as is the observa- 
tion that SA T/U inhibited more efficiently than fragment 5 
{27). Wc have suggested previously that this may reflect the 
presence of more than one receptor-binding region [in the 
intact SA I/II and that the receptor-binding region in the aia- 
niue-rtch sequence (10) may be masked in fragment <1 (37), 
The lower inhibition mediated by fragment 3 may also be -.due 
to incomplete folding of the recombinant polypeptide. !a sim- 
ilar consideration may apply to the recombinant polypeptide 
984-1161, which inhibited adhesion of S. mutans to salivary 
receptors but to a lesser extent than fragment 3. For the SA I/II 
bomolo& (termed SSP-5) from Streptococcus gordomi, a calci- 
um-binding region has been identified within the sequence 
corresponding to residues 1242 to 1324 of Sa I/II (14)J Thus, 
the adhesion-binding and calcium-binding sites of SA I/JI may 
be relatively close to each other. \ 

Four peptides, 1005-1024 (NNNDWTDRTLV.A.KQSVV 
KF), 1025-1044 (OLKTADLPAGRDF.TTSFVLV), 108(5-1104 
(LATFNADLTKSVATIYPTVV), and the overlapping 1095- 
ilH Mto inhibited adhesion (Fig. 6). Amino sugars or other 
compounds containing pi-imary amino groups can inhibit ad- 
hesion in vitro (20, 44). The data presented here, however, 
suggest Lhai only some of the peptides inhibit adhesion and 
appear ro be specific to 5. murans. Moreover, inhibition did not 
correlate with the number of side-chain amino groups; in the 
pepti.de$. The high concentrations of peptide required for in- 
hibition suggest that adhesion Li not mediated simply by short 
linear sequences of amino acid residues. We suggest that each 
of the inhibitory peptides includes residues which are essential 
for adhesion mediated by intact SA I/II. Folding oi' the I native 
molecule may bring these residues together to form one or 
more adhesion binding sites. Inhibition of binding of S. iftutans 
to salivary receptors has also been described with a 17-residue 
peptide from the N-tcrminal alanine-rich region of SA I/II 
(36), which suggests that there are at least two sites of intcr- 
, action with salivary receptors. | 

The finding that there were only minor B-cell epitopes (res- 
idues 1035 to 1054 and 1085 to 1104) which may overlap with 
the two adhesion epitopes within residues 1005 to 1044 and 
1085 to 11 04, respectively (Fig. 6) is consistent with the s-ucecss 
of S. mutans in evading antibodies and allowing colonization of 
teeth. The immunodominant B-cell epitope(s) within residues 
824 tn 343 is well separated in the sequence from detectable 
linear adhesion .epitopes and is in a portion of SA VII j which 
does not appear to be essential for adhesion of .V. mutans. In 
the sequences of both adhesion epitopes, at least 50% |of the 
residues are polar, suggesting that some portion may be sur- 
face exposed. Moreover, interaction with salivary receptors 
requires these regions to be accessible; and thus the lack of 
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1483 1561 
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Fragment 1 
(39-481) 



803 839 



6Q>«22 f."TT 

(W53 | B J 
S47-M6 



fragment 2 
(475-824) 



Fragment 3 + + 
(816-1213) 



955 



Fragment 4 
(1155-1 538) 



1174 



555-974 | H 
- M$.9H f ~~] : " 



1045-1064 

107J-10W 



IOIMIOJ 



lOftMlH fT^B] 
U0Ml2d 



596-915 



995-1014 
1005-1024 PEAr 1 

ioji-1094 FtT] 

iosj-]054 nrg 



himiw [ t 

1125-11*4 f~^] 
U15.U54 F~l 

1115.11a |T"r"[ 



§03-853 



□D 
886-905 



925-944 



■. 975- 1054 



1085-1134 



FrG- 6. Mapping of adhesion (A), T-ceU. and B-cdl €pi'(Optis in SA llTi. The mhiu trues :f the sequence of 5 A I/TJ are shown together with ihu potions? oi the 
reeoAlbinwit fragments fwirb residua numbers!. Symbol.*: IFl ^gnnl sequent E. .tUnine-ri-'h icpeacs; proJine-fich repeat*: 13, cell ^U-Rpjrjninj; region; 
C-ierrjiinal hydrophobic sequence. Polypeptides which inhibit adhesion ir. vitro idc-t'-fr ;/ in previous Jiudies arc shown: ++, residues 316 to 12i3 (3?); + . residues' l£6 
fo 4(59 (10). Synthetic peptides (20-meis) ^punning residues 303 tn 1174 ui" SA"I/II a** representee!. Those in which T-cclI. adhesion, or B-ceil epitopes were identified 
.tic indicated. Thote marked with ao asterisk rcprtsoil dominant epitope^ The three regions which comprise T- and B-cell or T-ceU* ytfhcMOn, and B-cell epitopes are 
shown. \ t&*- '■ • " 



B-cell responses to the adhesion epitopes is unlikely to be due 
to, their not being exposed on the surface of $A I/I I. An alter- 
native explanation for the limited 8 -cell response by the ad- 
hesion epitopes may be provided by the observation that T-ccll 
epitopes within residues 1005 to 1034 and 1085 to 1104 may 
pverkp the adhesion epitopes. Thus, the peptide overlapping 
T-celi and adhesion epitopes may lead to silencing of the B-cel! 
responses (29, 46) on account of intracellular competition be- 
tween the B-cell antigen receptor and MH.C class II molecules .» 
for the shared epitope. Such competition may preventer di v 
minish antigen presentation by the 15 cell and the correspond- ~ 
ing T-helper ceil (46). It was suggested that, for pathogens,, 
there, may be selective pressure for dominant T-cell epitopes to 
overlap critical determinants and thereby block "antibody rc-.. t 
sponses to those determinants (46), * ' ~* 

Mapping of the T- and B-cell and adhesion epitopes gives a 
linear, though not spatial, relationship between the major T- 
celUadhesion-B-ccli epitopes (Fig. 6). Thi? shows up to seven 
T-celi, four B-cell, and four adhesion epitopes. As some of the 
epitopes arc overlapping, or they arc adjacent or in proximity, 
and most of these axe likely to be discontinuous, the total 
number of T- and B-cell and adhesion epitopes will be smaller. 



There are clearly three spatially separated polypeptides of 
which the most ami no -terminal polypeptide. 803-853, ex- 
presses a major T-cell and B-cell epitope. The second polypep- 
tide (residues 975 to 1054) appears to be the most significant, 
as it contains one major and two to three minor T-cell, one 
major and one minor adhesion, and one minor B-cell epiiope 
(Fig. 6). The third polypeptide (1085-U34) expresses two to 
three minor T-ccll epitopes, a major adhesion epitope, and a 
, minor. B-cell epitope (Fig. 6). Although only analysis of a 
•crystal structure will yield the thrcc-dhnensional structure of 
the SX j'/ir fragment 3 protein, the epitope map offers some 
, (irisight into the subtle relationship between microbial adhesion 
r and its evasion of the host's T- and B-cell responses. 

A recombinant polypeptide comprising the immunodomi- 
nant T-cel) epitope and adjacent adhesion epitopes (residues 
975 to 1044) was prepared and used to immunize mice. This 
peptide induced T-ccll response* to peptide 985-1004 and an- 
tibody responses to peptides 995-1015 and 1025-1044, within 
which one adhesion epitope resides (unpublished data). Thus 
by immunizing with appropriate constructs of T-cell and adhe- 
sion or T-cell, adhesion, and B-ccll epitopes, antibody re- 
sponses to adhesion epitopes can be induced. Such constructs 
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might form the basis of a subunjl voccinc against dental caries. 
All effective vaccine mast induce responses only to S. mutatis 
and not to noncahogenic commensals. Jn this respect, the 
number of substitutions in the adhesion-mediating sequences 
(i.e.. residues 1005 to 1044 and 1085 to 1114) compared with 
the homologous regions ol ; 5. gordonii (total of 17 substitu- 
tions) and Streptococcus .sobrinux (total of 12 substitutions) 
may allow species-specific responses." These -«.ubs ti run or* 
may also influence the adhesion receptor specificity of these 
microorganisms. Similarly, ihe number of substitutions' within 
residues 975 to 1004, which include one or more immunodom- 
inant T-cdl epitopes, compared with S. gordonii (30 substitu- 
tions) and S. i-obrinus (12 substitutions), may result in species- 
specific T-eell responses. This, however, remains to be 
determined. 
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